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ABSTRACT 
Remote sensing technology provides reliable information 
in respect of a particular geographic area and is gaining a 
considerable significance in our endeavour of sustainable 
development of earth resources. The American Society of 
Photogrammetry (1975) defines remote sensing as : the 
. measurement or acquisition of information on some property of an 
object or phenomenon by a recording device that is not in 
physical or intimate contact with the object or phenomenon under 
study. The satellite remote sensing provides a quick appraisal 
of earths features and is being used in several fields. 
The Indian subcontinent, possessing a varied landscape 
features has invited researchers from diverse fields. The 
northern portion of the Indian subcontinent, constituting the 
Himalayan ranges has become a challenge for the researchers for 
its complexity and inaccessibility. The present study area forms 
a part of this vast and difficult terrain. The objective of the 
study being landscape analysis and erosion prone area 
identification. The main data sources for the present study was 
aerospace data and Survey of India toposheets. 
Conventional and digital techniques of image 
interpretation were used in the present study to interpret IRS 
LISS-2 and LANDSAT MSS data. Thematic maps were generated from 
satellite data. This was interfaced with meteorological 
information like temperature, rainfall, humidity. Based on these 
studies categorisation of erosion prone areas was done. 
The present work has been focussed mainly on the 
qualitative study of the landscape with prime aim of 
categorising the erosion prone areas.The observations and result 
of analysis have been presented in the text of present document 
containing eight chapters. The first chapter provides general 
information about the location and environs of the study area. 
Second chapter deals with a concise account of the work carried 
out by a galaxy of researchers. The third chapter deals with the 
outlines of research methodology applied in the present study. 
The fourth chapter describes the geological setup of the area. 
The fifth chapter documents the structural features of the area 
under study. The sixth chapter ellucidates the characterisation 
of the geomorphological features of the area. The general 
concepts of the digital image processing have been documented in 
chapter seven along with its analysis. Under chapter eight the 
work done has been summarised and results obtained have been 
discussed. 
1•INTRODUCTION 
1.1 Introduction: 
Remotely sensed data provides a wealth of information in 
various fields of study. This data is being used by scientists 
to get thematic information in the fields like Geology, 
Geomorphology, Forestry, Agriculture, Civil Engineering, 
Defence, Marine Sciences, Environmental Studies and many others. 
The application of remote sensing techniques to geology 
and mineral exploration started with aerial photography. Photo-
geological interpretation is considered highly useful for dis-
crimination of lithofacies due to high resolution. Development 
of colour and colour-infrared photography increased the scope of 
remote sensing technology. Achievement of high altitude space 
photography by technologically improved sensors added further 
impetus to the use of remote sensing technology. The possibility 
of repeat coverage of high altitude satellites was found highly 
useful especially in change detection studies. Stereoscopic 
viewing of some of these satellites added to the advantages of 
the technology. Introduction of digital computers in the field 
increased further the scope of remote sensing technology. 
The term remote sensing was first defined as 'the 
acquisition of data of a distant object without any physical 
contact with that object.' This defnition created confusion 
among various workers. The meaning of remote sensing finally 
became clear when the term was restricted for the methods using 
'electromagnetic radiation (EMR)' to detect and measure target 
characteristics of an object. 
The key to understand how remotely sensed data is able to 
represent different materials of earths surface lies in the 
fact that the electromagnetic radiation interacts differently 
with different material and objects and the different objects 
return different amount and kind of reflected and emitted energy 
in different part of electromagnetic radiation which is 
recorded by sensors. By measuring and recording the reflected 
energy in different parts of EMR^  spectrum enables identification 
of the different objects. Different rocks and minerals show 
different response in different parts of EMR due to their 
different mineral composition, chemical composition and 
different physical and textural properties. Due to this these 
different rocks and minerals show different manifestation in 
different wavelength regions. 
The characters and wave lengths of different electromagnetic 
spectral regions are listed in table 1. 
Table 1. Electromagnetic Spectral regions, their wave length 
and characters (after Sedsins, 1987) . 
EMS Region Wave Length Characters 
Gamma Rays 
X-Rays 
Ultraviolet 
Rays 
Photo ultra-
violet Rays 
Visible. 
Infra-red. 
Reflected 
Infrared 
Thermal 
Infrared 
Microwaves 
Less than 
0.03 nm 
0.03 to 
3.00 nm 
0.03 to 
0.3 0 um 
0.30 to 
0.40 um 
0.4 to 
0.7 um 
0.7 to 
100 um 
0.7 to 
3 . 0 um 
3 to 5 um 
and 
8 to 14 um 
0.1 to 
3 0.0 cm. 
Radar waves 1 to 30 cm 
Radio waves More than 
3 0 cm. 
Incoming radiation completely 
absorbed by upper atmosphere. Not 
available for remote sensing. 
Completely absorbed by atmosphere. 
Not available for remote sensing. 
Wavelengths less than .3um comple-
tely absorbed by Ozone layer in 
upper atmosphere. 
Transmitted through atmosphere. 
Detected with film and photodetec-
tors.Atmospheric scaterring severe. 
Imaged with film and photodetectors 
Atmospheric transmission windows 
separated by absorption bands. 
Contains no information about thermal 
properties of material. Photoinfrared 
(.7 to .9 um) detectable with film. 
Images obtained by optical_mechahical 
scanners and special Vidicon systems, 
but not by film. 
Penetrate clouds and fog. Images 
acquired in active or passive mood. 
Active form of MW sensing.Images 
acquired at various wavelength bands. 
Longest waveleengths of EMS. Some 
classified Radars with long wave-
lengths operate in this region. 
Satellite images provide synoptic view enabling 
demarcation and recognition of lithostratigraphic units, 
structural trends, lineaments, folds and faults (Drury 1987, 
Sabins 1987) . The basic interpretation technique of satellite 
data is similar to that of interpretation of small scale aerial 
photographs. The geological interpretation of data in image 
format involves four factors : -
-Fundamental aspects of image formation. 
-Detection, delineation and classification of image data. 
-Interpretation and evaluation of patterns on imagery through 
systematic pattern analysis of terrain elements. 
-Interpretation of geologic / geomorphic processes above and 
below the surface of earth, responsible for evolution of 
features, expressed in the imagery. 
The scale of data/image is very important in the 
interpretation of remotely sensed data. Large scale aerial 
photographs or remotely sensed data is suitable for mapping and 
demarcating lithology and local structures, where as small scale 
remotely sensed data is suitable only for regional / 
reconnaissance level of mapping. However the small scale 
satellite data has been found very useful in correlating 
different lithological groups and units and in delineation of 
regional structures (Bhan and Krishnanunni, 1984). Digitally 
enhanced data is now extensively used to extract more 
information for the detection, delineation and classification of 
remotely sensed data. Figure 1 shows various components at the 
earths surface that contribute to remote sensing data. 
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Fig.l: Block diagram Illustrating components at the 
earth's suriace that contribute to remote 
sensing data (alter Abra'ms. 1984). 
The remotely sensed data is available in two forms, viz. 
photographic form and digital form. The present work involves 
the evaluation of remotely sensed data products for the 'study 
of landscape and identification of erosion prone areas in 
Eastern Doon Valley.' The mode of analysis was both visual and 
•digital analysis of satellite data. Geological, Geomorphological, 
Structural and Land use / Land cover maps were prepared from 
satellite data (FCC images). These were supplimented by thematic 
information from aerial photographs. Position accuracy was 
obtained by transferring these details on Survey of India 
topographic maps. Base map, Slope map, Drainage map and Relative 
Relief map was prepared from Survey of India Toposheets. 
Digital image processing was carried out on a selected portion 
of the area to enhance certain features. 
1.2. STUDY AREA AND LOCATION 
Situated in the Garhwal Himalayas the district of Dehradun 
occupies a long tectonic intermontane valley and is called Doon 
valley. The pre-tertiary ranges of lesser Himalayas border it on 
north, Siwalik ranges of outer Himalayas on south, Ganga river 
on east and Yamuna river on west. 
The present study area is an eastern part of this 
intermontane valley. The study area lies within North 
Latitudes of 29 degrees, 58 minutes and 30 degrees, 17 minutes 
and East Longitudes of 77 degrees, 58 minutes and 78 
degrees,17 minutes and covers an area of about 850 square Kms. 
(Fig. 2). The study area falls within the Survey of India tope-
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sheet numbers 53 F/15, 53 F/16, 53 J/3, 53 J/4, 53 J/7, 53 J/8, 
and 53 K/l. The highest altitude above mean sea level in the 
study area is 1560 metres and lowest altitude is 300 metres. 
Some important locations of the study area are, Clement Town , 
Harrawala, Raitwala, Lachhiwala, Doiwala, Sangaon, Joligrant, 
.Ranipokhri, Raiwala and Motichur. The study area is well 
connected to Delhi, Lucknow and Hardwar by road and rail line. 
1.3. CLIMATE 
The climate of the area is subtropical moonsoon type. 
Three seasons have been recognised in the area. They are,- winter 
season (mid October to mid March), hot season (mid March to mid 
June) and rainy season (mid June to September) . May and June 
are the hotest months with temperatures ranging frome 30 to 4 0 
degree celcius. In December and January temperature comes 
down and ranges between 2 to 14 degree celcius. Sometimes 
the temperature touches zero also. Average annual rainfall is 
around 1990 mms.,out of which approximately 1756 mm. occurs in 
rainy season, i.e. in the months of June to September. 
The intensity of precipitation, temperature, relative 
humidity and other meteorological data (recorded at New Forest 
Station, FRI, Dehradun) for 1993 and for a period of 25 years 
(1968 to 1992) are given in tables 2 and 3 respectively. Figures 
3, 4 and 5 show the average monthly rainfall (mm.), number of 
rainy days for each month and average daily maximum, minimum 
and mean temperature for each month of 1993, respectively. 
l a b i a 2 . M a t a o r o l o g i e a l D a t a t o r l » 9 3 . 
M o n t h H o . o f A v . d a l l y A v . d a l l y T a a p a r a t u r a A v . d a l l y R a l a t l v a A v . d a l l y I v a p . A v . d a l l y 
R a i n y R a i n f a l l ( D a g r a a C a l e l u s ) H u m i d i t y ( P a r e a n t ) ( o p a n p a n ) w i n d v a l . 
Daya ( B B . ) Max. M l n . Maan ( 7 h r a . ) ( l « h r a . ) ( B B . ) ( K B . / h r . ) 
J a n . 06 01.SB 1 8 . 3 0 3 . 4 1 0 . 5 95 54 0 1 . 2 2 . 2 
F e b . 03 03 .Oe 2 3 . 1 0 6 . 4 1 4 . 4 94 46 0 2 . 2 2 . 4 
Mar. 07 0 4 . 1 8 2 3 . 8 0 7 . 2 1 5 . 3 90 40 0 2 . 8 3 . 0 
A p r . 00 0 0 . 1 1 3 1 . 4 1 1 . 8 2 1 . 6 68 32 0 4 . 9 2 . 8 
May 04 0 2 . 7 2 3 5 . 9 1 8 . 2 2 6 . 3 69 42 0 7 . 1 3 . 2 
Jun 14 0 5 . 3 0 3 4 . 5 2 1 . 2 2 7 . 1 80 S3 0 6 . 0 2 . 8 
J u l 13 1 5 . 3 8 3 1 . 1 2 2 . 7 2 6 . 3 89 74 0 4 . 0 2 . 3 
Aug. 18 1 8 . 2 9 3 1 . 3 2 2 . 4 2 6 . 0 93 75 0 3 . 7 2 . 5 
S e p t . 18 1 2 . 0 6 2 8 . 8 2 0 . 1 2 4 . 0 94 74 0 3 . 0 2 . 2 
O c t . 00 0 0 . 0 0 2 9 . 4 1 2 . 3 2 0 . 4 90 49 0 3 . 0 1.8 
Nov. 00 0 0 . 0 1 2 5 . 9 0 7 . 4 1 6 . 2 95 52 0 2 . 1 1.6 
Dec . 00 0 0 . 0 0 2 2 . 8 0 3 . 8 1 2 . 8 96 47 0 1 . 5 1 7 
S o u r c e ; New F r o e s t S t a t i o n , 
F o r e s t R e s e a r c h I n s t i t u t e ( F R I ) , 
D e h r a d u n 
Table 3. Meteorological Data for 25 years (1968 to 1992) 
Year No.of annual Annual Av.monthly Av.monthly Teiiqp. Av.aonthly Rel. 
Rainy Days Rainfall Rainfall Humidity ( % ) 
(mm.) (mm.) Max. Nin. Mean ( 8 hrs.) 
2 7 . 5 13 .06 1 9 . 9 0 8 4 . 2 5 
2 8 . 3 1 3 . 5 0 2 0 . 4 0 8 7 . 1 6 
2 7 . 8 1 3 . 4 0 2 0 . 1 0 8 9 . 0 8 
2 6 . 8 1 3 . 2 0 1 9 . 9 0 90 .90 
2 7 . 9 1 2 . 9 7 1 9 . 8 0 8 7 . 4 0 
2 7 . 8 1 3 . 3 0 2 0 . 1 0 8 8 . 4 0 
2 8 . 3 1 3 . 5 0 2 0 . 4 0 8 5 . 0 0 
2 7 . 5 1 3 . 1 8 1 9 . 8 0 8 6 . 7 5 
2 7 . 5 1 2 . 8 5 1 9 . 9 0 8 8 . 6 6 
2 7 . 8 14 .00 2 0 . 3 0 8 8 . 3 3 
2 6 . 9 1 3 . 7 0 1 9 . 8 0 8 9 . 2 5 
2 8 . 1 1 3 . 2 0 2 0 . 2 0 88 .16 
2 8 . 2 1 3 . 9 0 2 0 . 6 0 8 8 . 3 3 
2 7 . 7 1 3 . 6 0 2 0 . 1 0 8 8 . 2 5 
2 7 . 5 1 3 . 1 0 1 9 . 8 0 90 .08 
2 7 . 2 1 3 . 4 0 1 9 . 8 0 8 9 . 7 5 
2 8 . 2 1 2 . 9 0 2 0 . 0 9 88 .66 
2 8 . 4 1 4 . 6 0 2 1 . 1 0 8 8 . 4 0 
2 7 . 3 1 3 . 5 0 1 9 . 5 0 91 .66 
2 8 . 8 1 3 . 5 0 2 0 . 7 0 8 9 . 5 0 
2 8 . 7 1 3 . 4 7 2 0 . 6 0 8 8 . 7 5 
2 7 . 9 12 .40 1 9 . 7 0 8 8 . 1 6 
2 7 . 7 1 3 . 4 0 2 0 . 3 0 90 .16 
2 7 . 9 1 3 . 5 5 2 1 . 1 0 8 8 . 7 5 
2 7 . 9 1 3 . 0 7 2 0 . 0 0 8 7 . 0 8 
S o u r c e ; New F o r e s t S t a t i o n , FRI, D e h r a d u n . 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
057 
111 
080 
098 
059 
093 
067 
093 
077 
088 
091 
057 
080 
080 
083 
087 
079 
086 
090 
069 
081 
073 
096 
072 
072 
1328.9 
1853.7 
2093.0 
2898.4 
1460.8 
2302.3 
1529.3 
2054.4 
1634.4 
2430.3 
2968.9 
1580.3 
2083.7 
1879.1 
1833.2 
1796.5 
1740.9 
1956.7 
2040.5 
1634.1 
1572.3 
2199.2 
2599.3 
1268.4 
1524.6 
110.74 
154.50 
174.40 
241.50 
121.70 
191.80 
127.40 
171.20 
136.20 
202.50 
247.40 
131.70 
173.60 
156.60 
152.70 
149.70 
145.07 
163.05 
170.04 
136.20 
131.02 
183.20 
216.60 
107.30 
127.05 
—h 
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1.4. Vegetation:-
Due to favourable conditions for plant growth like 
good rainfall, temperature, humidity and soil type the area 
has a good vegetation cover. Major portion of the area is 
covered by dense forests mainly Sal species (Shorea robusta). 
Sisoo and khair are restricted to stream beds and old river 
terraces. Mixed forests of Sal, Khair ,Chair etc are found in 
pre-tertiary and some Siwalik rocks. Intensive human 
cultivation is found over lower piedmont zones, terraces and 
some flood plains and on dip slopes of some pre-tertiary rocks. 
Shrubs and grasses are found in .plenty all over the study area. 
According to a Revised Classification of Forests of India 
by Champion and Seth (1968) , forests in entire Doon Valley may 
be divided into four main types, which are as under. 
a) Tropical moist deciduous forests. 
i. Moist Sal forests. 
ii. Low Alluvial savannah woodland. 
b) Northern Tropical dry deciduous forests. 
i. Dry deciduous scrub forests. 
ii. Dry Siwalik Sal forests 
iii. Khair-Sisoo forests. 
c) Tropical fresh water swamp forests. 
d) Sub-tropical Pine forests. 
The forest cover is dense over dip slopes of upper 
Siwaliks, residual hill, upper piedmont unit, major portion of 
middle piedmont unit and some islands in flood plains. Moderate 
forest cover is seen on some middle piedmont areas, southern 
slope of Siwalik ridge and the pre-tertiaries. 
1.5.Drainage:-
Drainage network is the basis of division of Doon valley 
into eastern and western parts. Ganga is the trunk river into 
which all the drainages of eastern Doon valley flow. Yamuna 
river recieves the drainages of western Doon valley.The water 
. divide of these two basins lies in North-South direction and 
runs through Asrori-Dehradun. 
Song river is the main river of the study area with a 
perennial flow. Other important rivers are Suswa nadi, Jakhan 
Rao, Chandrabhaga nadi and Motichur Rao. Suswa nadi flows in 
south-east direction, roughly parallel to Siwalik range and 
joins the Song river near Chandrawala. Jakhan Rao joins as a 
little stream with Song river on its northern side near Song-
Suswa confluence. Chandrabhaga nadi and Motichur Rao debouch 
with Ganga. The major drainage systems of eastern Doon valley 
with respect to lithological formations are explained below. 
1.5.1. Drainage in Pre-tertiaries: 
The pre-tertiaries comprise quartzite, phyllite, 
limestone sandstone etc. They are resistant to fluvial erosion, 
due to which rounded watersheds are found in these rocks. 
Drainage density is medium. Runoff co-efficient is high due to 
consolidated nature and steep slope of these rocks. Drainage 
pattern is dendridic to sub-parallel and pinnate. Most of the 
streams show lateral erosion. Rivers have a straight to sinuous 
course. Drainage at places is controlled structurally. Most of 
the rivers also flow through deep gorges. Main rivers and 
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streams coming from pretertiaries are Jakhan Rao, Bhidalna Rao, 
Udalna Rao, Chittaur Rao. 
1.5.2.Drainage in Siwaliks: 
The Siwalik group of rocks bordering the study area on 
south exhibit obsequent drainages. Due to steep slopes and high 
rainfall, drainage density is medium to high. Headward erosion 
is common in these rocks, which causes shifting of watersheds. 
Drainage density is high on the scarp slope side of upper 
Siwaliks with sub-dendritic to sub-parallel pattern. The 
northern slopes of Siwaliks range have a medium drainage 
density with sub-dendritic to sub-parallel pattern. The drainage 
density on the southern side of Siwalik ridge is medium to high 
with sub-dendritic, to sub-angular pattern. The main streams 
from Siwaliks joining Suswa and Song river are Sukh Rao, Ramgarh 
Rao, Kaluwala Rao, Phandowala Rao, Jaman Sot, Am Sot, Kans Rao 
etc. Paniarwala Rao, Dadnawala Rao and Kalakund Rao join the 
Motichur Rao. Main streams on southern slope of Siwaliks are 
Dhaulkhand Rao, Bam Rao, Betban Rao, Dhaulna Rao, Barnaul Rao. 
1.5.3. Drainage in Piedmont Zone: 
Drainage in piedmont zone is mostly dichotomic. Drainage 
density is low to medium. The shape of alluvial fans and width 
of Piedmont plains controls the flow and pattern of streams and 
rivers. The rivers after crossing the main boundary fault loose 
the carrying capacity due to the fall in gradient. This results 
in the braided pattern of the rivers in the plains of the 
valley. Some rivers loose their waters into the unconsolidated 
11 
alluvial material and re-emerge downstream at some other place. 
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Jakhan Rao is a good example of this which has a vast flood 
plain upstream but joins as a minor stream with Song river. 
Nossin (1971) is of the opinion that Bindal and Rispana Rao 
were contributing water to Yamuna river but presently they 
contribute to Ganga system. He assumes that this present 
configuration is only due to stream capturing. The streams show 
vertical incision and gully erosion in piedmont zones, 
especially in northern piedmont zone. 
1.5.4.Drainage in Residual Hill; 
There is only one outcrop of residual hill in the study 
area, named as the Nagsidh hill. This unit exhibits radial 
pattern of drainage. It acts as a run-off zone. 
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2. PREVIOUS WORK:-
Many workers have carried out work in Doon valley, of 
which the present study area forms a part. Herbert has noticed 
as early as 1826 the most striking feature of the area, the 
opposite dips of the beds exposed on either side of Ganga river 
near Haridwar (Medlicott, op. cit., pp. 102, 123). 
The pioneer geologist who first carried out work on 
foothill Himalayan belt was Medlicott (1864) . He described the 
overall structure of the area and gave an elaborate description 
of Siwaliks. He also concluded that Siwalik rocks are 
autochthonous. He categorised the sub-Himalyan rocks into 
Sabathu (lower), Nahan (middle) and Siwalik (upper) formations. 
He also named the fault separating Siwaliks from Pre-tertiaries 
as Main Boundary Fault. Medlicott also noted that in the eastern 
part of Siwalik range in Doon Valley (present study area) 
towards Ganga river there is an axial fault with a throw of many 
thousand feet, which he named as Bhimgoda fault. This fault 
does not extend across Ganga to the eastern bank of Ganga river. 
The name Siwalik was given to these outermost sub-
Himalyan ranges by Cautley. A three fold classification of 
these into lower, middle and upper Siwaliks was proposed by 
Middlemiss (1885, 1910) . Further classification into Kamlial, 
Chinji (lower), Nagri, Dokpathan (middle) and Tatrot, Pinjor and 
boulder-conglomerate (upper) was proposed by Pilgrim (1913). 
This classification was based on their lithological characters 
and faunal assemblages. He correlated these with equivalent 
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zones in Europe and assigned a time span from middle Miocene to 
middle Pleistocene for the whole Siwalik sequence. Other workers 
like Oldham (1883), Wadia (1928), Mathew (1929), Auden (1934, 
37) and Colbert (1935) gave a better understading of 
stratigraphy and structure of the Siwalik group of rocks. 
C.S.Middlemiss (1887,90) classified the sub-Himalyan systems 
into Sirmur series and Siwalik series. Oldham (op. cit., p. 
166) during his study of the present study area mentioned the 
presence of Bhimgoda fault, the Haridwar fault and Ganges fault. 
Auden (op. cit., p. 145) in his paper on structure of Garhwal 
Himalyas mentions that in the Siwalik range between rivers Ganga 
and Yamuna the main structure is an anticline. Middlemiss 
(op. cit., pp.95,96) in his memoir on the geology of the sub-
Himalayan belt between rivers Ganga and Sarda discusses faulting 
along Ganga and its bearing on the structures on either side of 
the river. 
From 1958 onwards detailed geological mapping and 
drilling was undertaken by Oil and Natural Gas Commission (now 
Corporation) of India in this area. Geologists of the 
Geological Survey of India also mapped the entire area. Gansser 
(1964) gave the compilation of 'Himalayan Geology' incorporating 
all the previous important works. Patel and Venkatesan carried 
out work on geohydrology of Doon valley and estimated overall 
annual outflow of ground water from Doon valley. Nossin (1971) 
delineated various geomorphological features in Doon valley. 
Nakata (1972) stressed on neo-tectonic and regional correlation 
and concluded that geomorphology of Doon valley has formed due 
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to climatic changes and crustal movements. Babu (1972) concluded 
that Doon valley is presently degrading due to slow upliftment. 
Y.S.N. Rao worked on the structure of Siwalik range between the 
rivers Yamuna and Ganga. Meijrink (1974) highlighted some 
evidences of neo-tectonic movements in Doon valley. Rupke (1974) 
worked on stratigraphy and structural evolution of Kumaun lesser 
Himalayas. Venkataraman (1976) mapped several lineaments. D.P. 
Rao (1977, 78) worked on geomorphology and neotectonics of Sub 
Himalaya. R.P. Sharma (1977) used LANDSAT-1 multispectral 
imagery for the elucidation of the tectonic framework and 
economic potentials of Kumaun and Simla Himalaya. Ravindran 
(1989) used the digitally enhanced IRS data for delineation of 
various geomorphic and lithologic units in the eastern Doon 
Valley. 
The Himalayan collision erogenic belt represents a complex 
zone of uplift which is composed of at least five lithotectonic 
provinces (Gansser, 1964). These five provinces are; The Sub-
Himalaya, Lesser Himalaya, Higher Himalaya, Tibetan-Tethyan zone 
and Indus suture zone. 
The Sub-Himalayan zone is the southernmost of these 
provinces and is represented by Himalayan fore-land thrust belt 
(Lyon-Caen and Molnar, 1985) or the Siwalik group. This group 
formed of the later tertiary sediments, has been sharply severed 
from the Lesser Himalaya by Krol (Main Boundary) thrust 
(Valdiya, 1980) . Four major lithotectonic units have been 
recognised in the Kumaun Lesser Himalayas by Valdiya (1980). 
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These are; i. The autochthonous unit of Damtha and Tejam groups 
of pre-cambrian sedimentaries. 
ii. The Krol Nappe constituting of Jaunsar and Mussoorie groups 
of the sediments of possibly Palaeozoic ages. 
iii. The Ramgarh Nappe and its extensions and 
• iv. The Almora Nappe. 
Roy (1991) delineated the following geomorphic units in 
Dehradun valley. 
i. Structural and denudational hills in Pre-tertiary rocks 
(Mussoorie range of Lower Himalayas) comprising crystalline 
and sedimentary rocks with rugged relief and high degree of 
dissection. 
ii. Intermontane valley alluvial fans and fan cut terraces 
(Piedmont fan plain). The alluvial fans slope down by about 8 
to 10 degrees fromthe mountain/hill fronts. 
iii. Residual Hills; These are the remnants of eroded topography 
on post-upper Siwalik deposits called 'Older Doon Gravels' 
or Langha Boulder Beds'. 
iv. Structural Hills in Siwalik Formations (Foot Hills), forming 
the lower ranges below Krol thrust in the north of the valley 
and the rocks of the southern hill ranges bounding the valley. 
V. Piedmont Alluvial Fans (Southern Fan Plain) which is a 
coalesced series of piedmont alluvial fans on south of the 
southern Siwalik ranges and is locally called the 'Bhabar'. 
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3. METHODOLOGY:-
3.1. Data Used 
i . S a t e l l i t e d a t a used fo r v i s u a l and d i g i t a l i n t e r p r e t a t i o n a re 
l i s t e d below. 
Satel l i te Sensor Product Path and Date of Bands Scale 
Row Pass 
IRS-IB LISS-2 FCC 29 and 46 24-11-1993 2,3,4 1:50000 
LANDSAT MSS FCC 157 and 39 12-02-1973 4,5,7 1:50000 
IRS-IA LISS-2 CCT 29 and 46 20-07-1991 1,2,3,4 
ii. Survey of India Toposheets; (for visual interpretation) 
with following index numbers were used. 
53 F/15, 53 F/16, 53 J/3, 53 J/4, 53 J/7, 53 J/8 and 53 K/1. 
Scale of the toposheets, l : 50000. 
iii. Aerial Photographs (for visual interpretation) with 
following details. 
Date of Photography, 1-12-1959 To 12-4-1960. 
Scale (approximately) 1:25000. 
iv. Existing Literature. 
3.2. Methodology: 
The schematic sketch given below shows the overall methodo-
logy of the present study. The following methodology was 
adopted for the generation of thematic maps. 
Visual interpretation. 
Digital interpretation. 
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3.2.1. Visual Interpretation; 
Photographs and images represent a record of conditions 
that existed at the time of exposure. They present an overview 
area in a way that is not possible in usual field survey. In 
visual interpretation, information is obtained from these 
photographs and images by studying the image interpretation 
elements (photorecognition and geotechnical elements), either 
individually or by mosaicking or by stereo-viewing (Way,1978). 
Stereoscopes are used to provide a three dimensional view of 
terrain features. Visual image interpretation elements include; 
Tone, Texture, Shape, Size, Pattern, Shadow and Association. 
Tone is the intensity of electromagnetic radiation (EMR) 
recorded by the sensor, after reflection from object feature, in 
terms of gray levels. On photographs and images it refers to 
relative brightness or colour of objects which helps in their 
recognition. 
Texture is the frequency of tonal changes in an image. It is a 
function of photographic scale. It may be smooth, coarse, 
blocky. Shape (configuration, outline) of different objects, on 
photo- graphs helps in their recognition. It may be man made or 
natural. 
Size of objects helps to differentiate them from one another. It 
is a function of photographic scale. 
Pattern, spatial arrangement of various objects, on a 
photograph or imagery helps in their recognition, e.g. drainage 
pattern is important for interpretation of rocktype and is 
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easily identified from photographs, while it is difficult to 
observe it on ground. 
Shadow in some cases (e.g. height of objects) is an important 
element of image recognition. 
Association, the relationship of one object to another on 
images and photographs sometimes helps in their identification. 
3.2.2. Digital Interpretation: 
Digital images are produced by electro-optical sensors. 
Variations in radiant energy from a scene are represented as 
digital numbers (DN) on these images. Digital image processing 
is a collection of techniques for the manipulation of digital 
images by computers. Merits of digital image interpretation over 
the visual are, facility of quantitative analysis, high 
radiometric quality, use of full spectral information and no 
individual bias. Digital image data can be stored, transmitted, 
retrieved and used without loss of information any number of 
times. 
Following image enhancement and information extraction 
techniques were applied on the raw data through a Vips-32 
systenm of VAX-11/780 image processing computer. 
i. Histogreun Equalization; An image histogram represents the 
spread of digital values of a remotely sensed image. Histogram 
equalisation is a non-linear contrast enhancement technique. 
First the histogram of the image is derived and then the number 
of output gray-scale classes, into which the data are to be 
redistributed, are assigned. The algorithm then passes through 
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the data set and assigns equal numbers of pixels to each of the 
output gray scale classes. It reduces the contrast in the very 
light or dark parts of the image associated with the tails of a 
normally distributed histogram (Jensen, 1986). 
ii. Band Ratiolng; Sometimes the differences in brightness 
values from similar surface materials are caused by topographic 
conditions, shadows or seasonal changes in sunlight 
illumination angle and intensity. These conditions reduce the 
ability of an interpreter to correctly identify surface 
materials in a remotely sensed image. Ratio transformations of 
remotely sensed data can reduce the effects of such 
environmental conditions (Friedman,1978 in Jensen,1986). The 
new ratio image is constructed by computing ratio of DN values 
in two or more input images, pixel by pixel. The pixels acquire 
the same DN (new) value, if the ground material has the same 
spectral ratio, irrespective of the fact whether the ground lies 
in well or poorly illuminated zone (Gupta, 1991). 
iii. Principal Component Analysis (PCA); Images generated by 
digital data from various wavelength bands often appear similar 
and convey essentially the same information. Principal component 
transformation reduces such redundancy in multispectral data. A 
principal component transformation is a unique mathematical 
procedure based on either the scene covariance or correlation 
matrix. It produces new variables known as components or axes 
that are linear combinations of the original variables. Each 
component contains the data uncorrelated with other components. 
The raw data of different bands are compressed to produce new 
principal component images that are more interpretable than the 
original data. 
iv. Filtering; Image data consists of low, medium and high fre-
quencies. Spatial frequency refers to the roughness of the tonal 
variations occuring in an image. Image areas of high spatial 
frequency are tonally rough. Smooth image areas are those of low 
spatial frequency. Low pass filters emphasize low frequency 
features and de-emphasize the high frequency features. High 
Pass filters emphasize high frequency components and de-
emphasize low frequency information (Lillisand and Kiefer,1994). 
3.3. Output 
The output data is in the form of following thematic 
maps ; 
i. Geological map (based on IRS IB LISS-2, LSAT MSS image 
interpretation and limited field check) 
ii. Geomorphological map (based on IRS IB LISS-2, LSAT MSS 
image interpretation and limited field check). 
iii. Structural map (based on IRS IB LISS-2, LSAT MSS image 
interpretation and limited field check) 
iv. Land use / Land cover map (based on IRS IB LISS-2 image 
interpretation and limited field check) 
V. Slope map (based on Survey of India toposheets) 
vi. Relative relief map (based on Survey of India toposheets) 
vii. Drainage map (based on Survey of India toposheets) 
Scale of the output thematic maps, 1 : 50,000. 
4. GEOLOGY:-
4.1. General. 
A geological map represents the lithology, outcrops, age 
and important structural details (such as folds, faults and 
strike and inclination of strata) of every important 
geological unit/formation in a given area. A good topographic 
base map is used for representing the relations of bedrock to 
land surface forms (Lapedes, 1978). 
Remote sensing techniques are now being increasingly used 
to prepare geological maps and obtain the basic geological 
information on which further detailed work is based (Bhan and 
Krishnanunni, 1984). In unvegetated areas most of the 
lithologic units are distinguishable on the basis of their 
topographic form and spectral properties. But in vegetated 
areas identification is difficult because the rock surface is 
obscured (Lillesand and Kiefer, 1994) . However it is still 
possible to differentiate rock types on the basis of landforms, 
structural features and drainage. 
4.2. Geology of the study area; 
The geology of the present study area seems to be of 
tectonic control. Rupke (1974) has delineated five geological 
units in the present study area. These units are ; Damtas, 
Chandpurs, middle Siwaliks, upper Siwaliks and Doon alluvium. 
The main geological formations of the present study area 
(plate 1) delineated by various remote sensing techniques are:-
Pre-tertiary groups comprising Damtas and Chandpurs. 
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Tertiary group comprising middle and upper Siwaliks. 
Quaternary group comprising old Doon gravels, Doon fan gravels, 
sub-Recent fan terrace and recent alluvium. 
All these units exhibit different and distinguishing 
features on satellite data products and aerial photographs. A 
stratigraphic succession of the study area is given in table 4. 
Table 5 shows various photocharacters of the lithounits. Figure 
6 shows the lithological discrimination on the basis of 
drainage. 
4.2.1. Pretertiary Groups: 
The pre-tertiary rocks, which are the constituents of 
lesser Himalyas, are exposed on the north of the study area and 
are separated from the Siwaliks by Main Boundary Fault 
(Medlicott, 1864). Since the Siwaliks on the north in the study 
area are overlain by Doon fan gravels, the Main Boundary Fault 
marks the boundary between pre-tertiaries and Doon fan gravels 
here. General strike of the beds is NW-SE. Two formations, viz. 
Damtas and Chandpurs were recognised in the study area. 
Damta formation: These reddish brown to greenish grey rocks 
are the oldest rocks of the study area (Rupke, 1974) . Beds are 
thick, with a NW-SE strike direction and a dip amount of about 
40 to 55 degrees towards NE. Lithologically they comprise of 
quartzites, siltstones and sandstones (grey-wacke type) with 
varying grain size. Due to the hard and compact nature of 
quartzites, mountains with high relief, rugged topography, steep 
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Table 4. STRATIGRAPHIC SUCCESSION OF EASTERN DOON VALLEY. 
(Partly after Rupke, 1974) 
Group Formation Age Llthology 
Recent Recent Alluvium Recent Boulder, Pebble, Gravel, 
Sand and Silt. 
Quaternary 
Sub-Recent Fan 
Terrace 
Sub-Recent 
Doon Fan Gravel Holocene 
Boulder,Pebble, Gravel, 
Sand, Silt and Clay. 
Boulder, Pebble, Gravel, 
Sand, Silt and Clay. 
Siwalik-
Old Doon Gravel Late 
Pleistocene 
-Unconfirmity-
Boulder, Pebble, Gravel, 
Sand and Red Clay. 
Upper Siwalik Upper Pliocene 
to Lower 
Pleistocene 
Boulder, Conglomerate, 
Pebble with Sand and 
Clay beds. 
Middle Siwalik Upper Miocene 
to Middle 
Pliocene 
MAIN BOUNDARY FAULT--
Chandpur Cambrian 
Gray and micaceous Sand-
stone with clay beds and 
occasional pebble beds 
Phyllite and Slate 
Damta Damta Pre-cambrian Quartzite, Sandstone 
and Greywacke 
0^ 
labia S. raOTOCHAKACrnS OF THK LITBOCKITS 
Qaol. Unit/ Ton* 
Foxvatlon 
Taxtur* Topogrmphy Drmlnag* 
danalty 
Drainag* 
pattan 
Land ua* / 
Land covar 
Raaiatanca to 
aroaion. 
Recent Light to Medium 
alluvium light gray 
Plain land with 
river terraces, 
eand bars and 
islands 
Low 
(Coarse) 
Braided and 
Meandering 
Moderate land Very 
use and low 
vegetation 
Sub-recent Light 
fan terrace (Mottled) 
Medium 
to 
coarse 
Alluvial fan 
terrace, river 
terrace, paleo-
channels etc. 
Low 
(Partly 
internal) 
Agricultural Low 
land. Moderate 
vegetation 
Doon fan Medium to Fine to Sloping land, 
gravel darlc gray medium. alluvial fans 
Low Parallel to Moderate land Moderate 
sub-parallel. use and 
forest cover. 
Old Doon Dark gray Uneven Less dissected Medium Radial 
gravel. isolated hilloclcs (external) 
Dense forest 
cover 
Moderate 
Upper Light to Coarse Moderate to highly Medium to Sub-dendritic Dense forests Low on scarp 
Siwalilcs medium (uneven) dissected bills with high to on dip slopes, slopes, high 
gray hogbac)cs,cuestas, (external) sub-parallel sparse on on dip slopes 
ridges and valleys. scarp slopes 
Middle Medium Coarse Moderately dissected Medium Sub-dendritic Low to moderate Low to 
Siwaliks gray (uneven) hills with hogbacks (external) to forest cover. Boderate 
& ridges.Flat-irons Sub-angular 
are common. 
Chandpurs Dark 
gray 
Fine to Denude-structural 
coarse hills, rugged 
topography. 
Medium Dendritic to Moderate to Low 
(external) sub-dendritic extensive land 
use on dip 
BlopeB 
Medium to Fine to Denudo-structural Medium Dendritic to Low to noderate Moderate 
dark gray coarse hills, rugged topo- (external) sub-dendritic forest cover to 
(bloc)cy) graphy, rounded tops and pinnate. high 
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slopes and dissected along zones of weakness (faults, fractures 
and joints) are common. Thin laminations along Jakhan Rao were 
also observed. 
Rupke (1974) on the basis of presence of load casts, slump 
balls, flute casts etc. had suggested rapid accumulation of 
these pre-Cambrian rocks in shallow water conditions. 
Chandpur Foxmation: Confirmably overlying Damtas is thickly 
bedded Chandpur formation with a NW-SE strike direction and a 
dip amount of about 40 to 50 degrees towards NE. Lithologically 
Chandpurs comprise phyllite, shale, slate and alternate beds of 
argillaceous sandstone and quartzite and are thought to have 
been deposited over a wider basin by sedimentation (Rupke,1974) . 
Weathering of these soft and friable rocks has resulted in a 
good soil cover on the dip slopes of this formation. 
Dark tone on aerial photographs and satellite imageries, 
intensive landuse on dip slopes, low resistance to erosion and 
high density of joints and fractures helps to differentiate 
these Cambrian rocks from the pre-Cambrian Damtas. 
4.2.2. Tertiary Group: 
The outer Himalayas in the Indian sub-continent are 
represented by fresh water mollasse sediments of Siwalik rocks 
(Sahni and Mathur, 1964). The middle Siwaliks are exposed in the 
core of the Siwalik anticline due to structural implications 
(Rao,1974). The three fold classification of Middlemiss into 
lower, middle and upper Siwaliks is broadly valid for entire 
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Siwalik belt. In the present study area only middle and upper 
Siwaliks are exposed on south of the area. The stratigraphic 
succession for these rocks after Raiveinnan et al (1983) is as; 
Group Formation Fades/Bed Age 
Upper Siwalik Conglomerate 
facies 
Siwalik 
Upper Pliocene to 
early Pleistocene 
Conglomerate sand-
stone facies 
Middle Siwalik Sandstone facies 
Sandstone mudstone 
facies 
Upper miocene 
to 
middle Pliocene 
Middle Siwaliks: The middle Siwaliks are thrusted upon the upper 
Siwaliks from near Haridwar upto Daulkhand. This thrust has been 
named as Bhimgoda thrust (Rao et al, 1974) . The thrust has a NW-
SE strike and dies into the Daulkhand fault on west and into the 
Ganga fault in the east. 
The middle Siwaliks comprise medium to coarse grained 
thick bedded and micaceous gray coloured sandstones, interbeded 
with variegated clays of red, brown and yellow colour. 
Cementation is very poor due to which these sandstones are 
highly friable. Sedimentary structures like cross bedding, 
graded bedding, current bedding indicate deposition of these 
sediments in a shallow sinking basin. The regional strike of the 
beds is NW-SE. Dip amount is 30 to 50 degrees. The age of middle 
Siwaliks is from upper miocene to middle pliocene. 
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Upper Siwaliks: The upper Siwaliks comprise of thick bedded 
medium to coarse grained gray coloured sandstone with siliceous 
and calcareous cementing material, interbedded with layers of 
conglomerate, boulder and pebble. General strike of the beds is 
NW-SE with a dip amount of about 15 to 35 degrees towards NE. 
The upper Siwalik conglomerate and overlying recent Doon 
alluvium are distinguished by high heterogenity of Doon 
alluvium and association of broken clasts with it. Soil 
formation also helps in the differentiation of the two units 
(Rupke, 1974). The upper Siwaliks range in age from upper 
Pliocene to early Pleistocene. 
4.2.3. Quaternary sediment deposits: 
The asymetrical synclinal Doon valley is filled by the 
sediments derived from pre-tertiary and siwalik rocks. These 
sediments lie over the siwaliks unconfirmably. These sediments 
are known as Doon gravels and range in age from upper 
Pleistocene to Recent. Based on the composition, relief and age 
these sediments have been divided into four sub units, viz. 
Old Doon Gravels: Old Doon gravels occur as isolated mounds in 
the form of residual hills and lie unconf irmably over upper 
Siwaliks. Lithologically they comprise sand pebble and boulders 
of older rocks in a silty and clayey matrix. The pebble and 
boulder beds are highly unconsolidated. Silts and clays are of 
dark brown, yellowish brown and reddish colour. The age of this 
unit is late Pleistocene. 
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Doon Fan Gravel: This unit covers the major portion of the study 
area. It comprises of boulder, pebble, gravel, sand, silt and 
clay. The sediments are loose and unconsolidated with a coarse 
grained elastics and exhibit fluvial characters. Doon fan gravel 
on south of Suswa nadi are derived from Siwaliks and comprise 
more boulder of sandstone and conglomerate. Doon fan gravels on 
north of Suswa nadi are derived from pre-tertiaries and consist 
boulders mainly composed of quartzite, shale and schist. The 
age of this unit is early Holocene. 
Sub-recent Fan Terrace: This unit mainly covers the major 
cultivated portion of the study area. Lithologically this unit 
comprises of boulder, pebble, gravel, sand, silt and clay along 
with fragmennts of shales and slates. Boulders are rounded to 
sub-rounded in shape with varying lithologies like quartzite, 
shale, limestone etc. The age of this unit is sub-recent. 
Recent Alluvium of Flood Plains: This is the youngest geological 
unit of the study area. It is formed by the major rivers and 
covers the flood plains of these rivers. This unit comprises of 
boulder, pebble, gravel, silt and sand. Stratification is good 
and at some places graded bedding is also observed, which 
indicates different cycles of deposition of these sediments. Age 
of this unit is Recent. 
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5. STRUCTURE:-
5.1. General; 
The study area is a part of NW-SE trending asymmetrical 
Doon valley. The Siwalik rocks have been folded into an over-
turned syncline, flanked by two anticlines (Auden, 1937), which 
.was then filled up by the recent and sub-recent alluvium brought 
from the Siwalik and pre-tertiary rocks by various streams. The 
Main Boundary Thrust (MET) sharply cuts the youthful autoch-
thonous Cenozoic sedimentary zone (Siwalik and older Tertiary) 
from the much older Lesser Himalayan subprovince (Valdiya,1980) . 
The boundary between the Sub-Himalaya and the Indian plains is 
marked by a discontinuous zone of reverse faulting called the 
Himalayan Frontal Fault (HFF) by Nakata (1975,89). Anticlinal 
ridges and accompanying synclinal valleys occcur to the north 
between Sutlej and Ganga rivers (Valdiya, 1994) . In the western 
Doon valley Main Boundary Thrust is represented by Krol thrust 
(Auden,1934; Valdiya, 1980). 
5.2.Strucrures of the study area; 
The main structures (plate 2) of the study area are,-
5.2.1. Folds; The folding of the Siwalik rocks has resulted in 
the formation of some major as well as minor anticlines and 
synclines in the study area, which are briefly discussed. 
Siwalik Anticline; Starting from the southern margin of the 
area (Himalayan Frontal Fault), the siwalik anticline is the 
main structure of the study area. General strike of the beds is 
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NW-SE. The southern slopes are steeper than the northern slopes 
here and the dip of the beds is moderate to steep. The northern 
slopes are gentle and the dip of the beds is also moderate. 
Due to structural implications the middle Siwaliks are exposed 
in the centre of the Siwalik anticline (Rao, et al, 1974) . 
Motichur Syncline; The stereoscopic study of aerial photographs 
of the study area gives an idea about this syncline. The upper 
Siwaliks here show convergent dips, thus giving rise to this 
minor synclinal structure.The syncline has a NW-SE axis along 
which the Motichur Rao flows. The synclinal structure is also 
easily identifiable on the satellite data. 
Raiwala Anticline;This is a minor anticlinal structure bounding 
the Motichur syncline on north. It emerges out from the 
piedmont plain along the southern bank of Song river with a NW-
SE trend. The slope and height gradually increase towards SE. 
The northern slope is steeper than that on the southern side. 
This unit was identified on the imageries and aerial photographs 
by light tone, moderate to high relief, parallel to sub-parallel 
drainage pattern and its topography. 
Doon Synclinal Trough: Dehradun syncline which gave rise to 
Doon valley was formed after sharp folding of Siwaliks in the 
post-Pliocene times. Alluvial deposits brought from pre-Tertiary 
and Tertiary rocks were deposited in this syncline. The 
accumulation of the huge sediments gave the syncline the look 
of a broad depression. The syncline runs parallel to the major 
tectonic features of the area like, Siwalik anticline, main 
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boundary fault and pre-tertiary belt in a NW-SE alignment. The 
eastern Doon valley is separated from the western Doon valley 
by a low water divide, passing through Asrori and Dehradun. 
Pre-tertiary Belt: The compressional forces produced by the 
tangential movement of Tibetan plateau and the Indian 
peninsular shield led to the folding , faulting and 
thrusting of the massively deposited sediments in the Tethys 
geosyncline. The folded pre-Tertiary rocks in the north of the 
study area have over-ridden the Siwalik rocks along steeply 
northward dipping MBF. The Siwalik rocks are not exposed in 
the north of the area, as they are overlain by alluvium. 
5.2.2. Faults; Two major faults (Bhimgoda thrust and Main Boun-
dary Fault) and some minor faults are present in the study area. 
The Bhimgoda Thrust, a south dipping thrust, starts from near 
Haridwar and runs in a north-west direction and merges into the 
Daulkhand fault, a sinstral wrench fault, between Daulkhand Rao 
and Betban Rao streams on west of Betban Rao, which connects it 
with the opposite dipping and unexposed Mohand thrust. On the 
eastern side the thrust terminates abruptly and passes into the 
unexposed Ganga tear fault (Rao et al,1974). The thrust is 
exposed and brings the middle Siwaliks over the upper Siwaliks 
and has a good expression on remotely sensed data. The thrust 
dips steeply towards south-west in Betban Rao. 
On the satellite images and aerial photographs this thrust 
was recognised by the tonal variation, difference in drainage 
33 
patterns of middle and upper Siwaliks, sharp bends of drainages 
and flow of drainages along the thrust. 
The Main BoTindary Fault marks the boundary between pre-Tertiary 
rocks of lesser Himalayas and the Doon fan gravel, which 
overlie the Siwaliks in the north of the study area. Main 
boundary fault is a prominent thrust dipping 50 to 60 degree 
north-east. On the imageries and photographs it was distinctly 
identified by tonal variation, break in slopes, presence of nick 
points, displacement of beds, sharp bends in drainages and mass 
wasting activities along the fault boundary. 
Various minor faults in the pre-Tertiary rocks were also 
identified on the remotely sensed data. A fault along the 
Chittaur Rao displaces the main boundary fault laterally and can 
thus be termed as a transcurrent fault. One more fault is 
noticed along the Jakhan Rao displacing the pre-Tertiaries. 
5.2.3. Joints and Fractures; Fractures and joints are found in 
plenty in the pre-Tertiaries and Siwalik rocks. Drainages seem 
to be controlled by these structural features. Three sets of 
joints with NE-SW, SE-NW and E-W direction were observed. Most 
of the joints are aligned in NE-SW direction. 
5.2.4. Lineaments: Aerial photographs present a synoptic view of 
a large area where a linear feature appears very distinctly. It 
is easy to pick up minor lineaments, but the lineaments on a 
regional csaleview are easily picked up on satellite imageries. 
The identification of lineaments has important ramifications in 
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geology, since such features can represent fault and fracture 
zones where offset has not occured (Sabins, 1987) . The features 
in turn can signify potentially hazardous or economically 
important environments. 
Most of the lineaments in the present study area are 
aligned in NE-SW direction. Three sets of lineaments with NW-SE, 
NE-SW and E-W trends were observed. The lineaments were 
identified by their darker tone, tonal variation along them, 
linear vegetational control and well curved geomorphic features. 
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6. 6E0M0RPHIC HISTORY 
6.1.Geomorphology: 
Geomorphology is a Greek word composed of three parts, 
viz. 'geo meaning earth, morph- form and logy- study'. Thus it 
can be called the study of earth forms. It may be also defined 
as the study of evolution of landforms resulting from both 
depositional as well as erosional processes. The nature of 
landforms can be depicted with the application of knowledge of 
lithology, geological structures, stratigraphy, tectonic history 
and climatology of a particular geographic region. Davis (1909), 
first attempted a systematic description of landforms on the 
basis of genetic considerations. The systematic study of 
geomorphology concerns with the analysis of geomorphic 
processes, which can be either exogenetic or endogenetic. The 
geomorphic agents affecting the surface of earth include wind, 
water and glaciers. 
Most of the geomorphic units and landforms in study area 
are the result of tectonic activities and effect of natural 
processes. The folding and faulting of the Siwalik rocks formed 
various longitudinal valleys known as 'Duns', among which 
Dehradun intermontane valley, of which the present study area is 
a part, is one. The synclinal shape of the Siwaliks controls the 
geomorphological development of Doon valley (Auden, 1937). 
Alluvial fans are formed along the gentle slopes throughout Doon 
valley. Based on the ITC classification system following geomor-
phological units were delineated in the study area (table 6, 
plate 3). Table 7 shows various photocharacters of these units. 
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Table 6. Classification of Geomorphic Units 
Geomorphic province Geomorphic unit Landform unit 
Lesser Himalayan 
Denude-Structural 
Hills 
Denude-structural Hogbacks, Cuestas, 
Hills Ridges and Valleys 
Sub-Himalayan 
Structural Hill 
Structural 
Hills 
Cuestas, Ridges and 
Valleys, Hogbacks, 
Intermontane 
(Doon) 
Valley 
Residual Hill 
Piedmont Zone 
River Terrace 
Flood Plain 
Isolated Residual Hill 
Alluvial Fans 
Depositional and Ero-
sional Terraces 
Meanders,Islands, 
Channel Bars and 
Sand Bars. 
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Taibla 7. Photocbaractars of varioua Oaonorphlc unita. 
Oaoaiorpbic Topography. Landfon 
Onit. 
Tona Taxtura Dralnaga Danaity/ Slopa 
Oralnaga Pattam. 
Vagatation Iroalon 
Flood Braided Heandere,Islands, Light to Medium Low (coarae) 
Plain River. Sand bars,Channel medium Braided and 
bars etc. gray. meandering. 
Slightly Sparse 
sloping 
Lateral 
erosion 
common 
Fluvial 
Terraces 
Depositional and Light Hedium Lew, coarse. Slightly Agricul- Sheet and 
erosional S^ay, to partly internal, sloping ture. rill ero-
terraces mottled coarse sion 
Piedmont 
zone 
Sloping, 
badland 
topography 
Alluvial fans Medium Fine Coarse, Gently 
to dark to Parallel to inclined 
gray medium subparallel 
Dense Gully 
forests erosion 
common 
Residual Less Isolated 
Hill. dissected Residual 
hillocks hill. 
Dark 
gray 
Uneven Medium, 
Radial 
Strongly 
inclined 
Mod to Gully 
dense erosion 
forest 
Struc- Highly and Cuestas,Ridges, 
tural- moderately Hogbacks,mesas 
Hills dissected and valleys 
hills. 
Light to Coarse, Medium to Strongly 
Medium Uneven, high, sub- inclined 
gray. dendritic, and 
subparallel steep 
Sparse Nasswasting, 
to Headward u 
dense gully ero-
forest sion 
Denude-
atruc-
tural 
Hills. 
Rugged Hogbacks,cues-
topography tas, ridges & 
valleys. 
Hedium Fine to Hedium, 
gray. coarse Dendritic 
blocky to pinnate 
Steep Moderate Mass wasting 
forest common 
cover 
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6.1.1. Flood Plains: 
Ganga is the trunk river bordering the study area on 
eastern side.It is sinuous and braided in nature and has a vast 
flood plain. The main river draining through the study area is 
the Song river with a perennial flow in its down reaches. It is 
joined by Suswa nadi and Jakhan Rao on its southern and northern 
bank respectively, before debouching into the Ganga river. 
Chandrabhaga nadi and Motichur Rao directly flow into the Ganga. 
All these rivers have vast flood plains and braided pattern. 
During the rainy season precipitation is high and floods are 
on peak. The streams bring the eroded material from pre-
tertiary and Siwalik rocks and deposit them in the plains of 
the valley, which leads to the undercutting and lateral cutting 
which in turn leads to the change of river course and formation 
of braided pattern in these rivers. Some streams show loosing 
nature due to the high permeability of the unconsolidated and 
loose sediments of the valley. Jakhan Rao, among the main 
streams is a good example, as it has a wide flood plain upstream 
but joins as a minor stream with the Song river. 
Various landforms identified in these floodplains are; 
Water channels; These are noticed in main rivers like Ganga, 
Song. At Some places water along the river bed is lost, flowing 
underground and emerging out further downstream. 
Channel Bars and Islands; These are found in major rivers. Some 
islands are at higher level than the river bed. Some islands 
have a good landuse and some are occupied by dense forests, e.g. 
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near Song-Suswa confluence and Song-Jakhan Rao confluence. 
Point bars, Sand bars; Pointbars and sandbars are elongated in 
outline. They are usually pointed upstream. 
Abandoned River Channels; These were identified by their dark 
tone on aerial photographs and imageries. During high rainfall 
in moonsoon season the streams change their course in the 
piedmont plains , resulting in abandoned channels. These 
channels are always a good source of shallow ground water. 
6.1.2. Fluvial Terraces: 
Terraces are the levels of old flood plains that have 
undergone repeated upliftment due to tectonic activities. Most 
of the terraces in the study area are depositional. At places 
these terraces are paired (of equal heights on both the sides of 
river). Some paired terraces are not of equal height, which 
indicates differential denudation and tectonic control of the 
land mass after the formation of these terraces. The main cause 
of the formation of these terraces seems to be the valley 
filling followed by tectonic upliftment causing vertical 
incision which resulted in the step like appearance of these 
terraces. Numbering of the terraces was done from youngest 
terrace (lowest in relief) and increasing successively for 
successive terraces. 
Landuse in this unit is intensive, which also helps to dis-
tinguish it from other units. Terrace formation by rivers 
depends upon the magnitude of rivers and their lateral extent. 
The number of terrace levels seen in the present study area is; 
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Ganga River-3, Song River-2, Suswa Nadi-2, Jakhan Rao-2, 
Chandrabhaga -1, Chittaur Rao-1, Reharkhala-1 and Rispana Rao-l. 
6.1.3. Piedmont Zone 
This unit occupies the major portion of the study area. The 
piedmont zone can be divided into two portions with Suswa nadi 
acting as the boundary between the two. The south facing 
piedmont plain on north of Suswa nadi is formed mainly by the 
alluvial matter brought from pre-teriaries by various 
streams.The north facing one on the south of the Suswa nadi is 
formed mainly by the alluvial deposits brought from siwaliks. 
Although the process of deposition of these two units is same, 
yet the two differ in various features on account of the 
different source for the deposited matter.The deposits in both 
these units are not well sorted and comprise grayish silty 
unconsolidated matrix. 
The depositional features of the piedmont plains show 
that deposition has taken place in different flood regimes (Rao 
and Chattopadhyay, 1977). The rivers with high flow enter the 
piedmont plain and start undercutting and lateral erosion. 
Downstream due to very low slope the flow decreases, 
undercutting stops and deposition starts. Undercutting gives 
rise to the gully erosion in the piedmont zone. Upstream at some 
places steep and high river bluffs are seen. 
The south facing piedmont plain, bound on its north by 
the main boundary fault forms the larger portion of the piedmont 
zone (Auden, 1936). The north facing unit bound on its head side 
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by Siwalik rocks has a steeper slope than south facing one, as 
is observed from the slope map and the stereoscopic study of the 
aerial photographs. 
The roughness and structure of these deposits indicates 
that during the deposition of these sediments, the fluvial 
process was high, which resulted in the thick accumulation of 
sediments in the synclinal depression all along the main 
boundary fault. 
Based on the degree of dissection, slope and relief 
piedmont zone can be divided into three units, viz. lower, 
middle and upper units. The lower unit is younger in age and 
occurs at a lower level than upper and middle units. This unit 
exhibits light mottled photo-tone and intensive landuse. The 
middle piedmont unit has a gentle slope. It exhibits medium 
photo-tone, moderate to low cultivation and moderate to dense 
forest cover. The upper piedmont unit has a higher relief and 
sloping topography. It exhibits medium to dark gray photo-tone 
and a thick forest cover. 
6.1.4. Residual Hill: 
Only one outcrop of this geomorphic unit is found in the 
study area in west and is formed of old Doon gravels. Faint 
stratification with varying trends indicates unconfirmable con-
tact of this unit with the Siwalik rocks. Highest relief in this 
unit is 816 metres. It is younger than upper Siwalik conglo-
merate but older than piedmont deposits. After the deposition of 
this residual hill gullies with steep slopes have been formed by 
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erosion. Due to Che moderate to steep slopes this unit forms 
run-off zone. It has a dense forest cover. Radial pattern of 
drainage is a peculiar feature of this residual hill (fig.7). 
Presence of big subrounded boulders of quartzites and pebble 
embedded in reddish brown silty and clayey matrix along with 
angular fragments of shales indicates mud flow origin of this 
unit (Meijrink,1974; Rao,1977). However Chattopadhyay and 
Rao,1977 and some other workers on the basis of presence of huge 
boulders with sharp and angular edges suggest fluvio-glacial 
origin for these residual hills. 
6.1.5.Structural Hills: 
On the southern border of the study area lie the Siwalik 
group of tertiary rocks. Structurally these hills are folded, 
faulted, eroded and have prominent structural reliefs. Various 
landforms like mesas, cuestas, hogbacks and ridges are the 
prominent features of these structural hills. Due to the 
presence of unconsolidated material, moderate to steep slopes 
and high rainfall in the area, erosion is high and mass wasting 
is common. Degree of dissection is controlled by lithology, 
resistance to erosion and weathering of the rockmass. 
The weathering of Siwalik rocks has been proceeding at an 
extra-ordinarily rapid rate since their deposition and abrupt 
forms of topography have been evolved in this contemporatively 
brief period. Large escarpments and dip slopes are separated by 
broad longitudinal strike valleys and intersected by deep 
meandering ravines of the transverse streams. These surface 
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Fig.7. Radial Drainage of Nagsidh Hill 
features (common in Siwalik topography) give a quantitative 
measure of the sub-aerial wasting that has taken' place since 
Pleistocene (Wadia,1975). The structural ridges exhibit moderate 
to high relief and rugged topography. Highest relief in this 
unit in the study area is 899 metres above mean sea level. 
Based on the extent of dissection by streams and 
topography these structural hills are divided into two units, 
viz. highly dissected zone and moderately dissected zone. 
i. Highly Dissected Zone: Highly dissected structural hills are 
found on southern side of the Siwalik ridge. The slope is 
moderate to very steep and drainage density is medium to high. 
Relief is moderate to high. The rocks have a coarse elastics 
and are highly unconsolidated and friable in nature. Due to 
these features and the high precipitation, erosion in this unit 
is severe. Cuestas, ridges and hogbacks are common. Rockfalls 
are also very common in this unit. Streams are generally wide. 
Due to headward erosion shifting of watersheds is also 
common in this unit. Water divides are serrated. Gullies are 
formed due to severe erosion, e.g.near Salimpur along the 
tributaries of Dhaulna Rao and Harnaul Rao. Vegetation is 
moderate to sparse. 
ii. Moderately Dissected Zone: Moderately dissected rocks are 
found on the northern side of Siwalik anticline. The slopes are 
gently inclined and cuestas, ridges and valleys are common. 
This unit comprises of boulder, conglomerate and sandstone beds. 
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Rocks of moderate to high relief are found in this unit. Valleys 
are wide. This unit is having a good forest cover. Due to the 
moderate slope, uncon- solidated nature of sediments and thick 
forest cover, erosion in this unit is moderate to low. Water 
divides are serrated. 
6.1.6. Denude-Structural Hills: 
These hills border the study area on northern sp.de and are 
the constituents of pre-tertiary group of rocks, of the Lesser 
Himalayas. Relief is high and slopes are steep. Ridges, valleys 
and cuestas are common. Rocks are hard and compact and are 
resistant to fluvial erosion except chandpur formation, where 
the weathering along with other factors makes them prone to 
severe erosion. Water divides are usually rounded. 
Lithologically these rocks comprise quartzites, phyllites, 
slates and schists. 
Mass wasting in this unit takes place on a large scale 
along fault planes and weaker zones like fractures and joints, 
supplying a huge sediment load to the streams. Rivers and 
streams along with the human activities result in the formation 
of subdued landforms. Some high level terraces are found along 
rivers where slopes are very less. In most of the cases these 
terraces are covered by a thin vneer of soil. Good landuse is 
also found at some places along dip slopes. 
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6.2. SLOPE 
6.2.1. Introduction. 
The term slope is used to refer the angle which any 
part of earths surface makes with the horizontal datum. The 
entire landscape is made up of slope elements. Slopes can be 
either endogenetic or exogenetic. The endogenetic 
(hypogene) slopes exist by the processes within the earth, e.g. 
orogeny, epiorogeny, taphrogeny and volcanism. Exogenetic 
(epigene) slopes result from the action of the processes that 
originate at or near earths solid surface, e.g. weathering, 
masswasting, erosion, transportation, deposition etc. These 
processes tend to reduce the landscape to its base level. 
Slopes may be aggradational as alluvial, colluvial and talus 
slopes or degradational as escarpments, and surfaces eroded by 
streams. The term hill slope refers to a three dimensional form 
of landmass produced by denudational processes of mass wasting 
and slope wash. Erosion of a steep hill is more rapid than 
that of a gently sloping hill, since erosion is directly 
proportional to slope angle (Buffon, in Fairbridge, 1968). In 
arid climates slopes are steeper and water divides sharper. In 
humid climates slopes are rounded and flattened (de la Noe and 
Margerie, 1888) . Similar to the evolution of landforms slopes 
are a function of four broad parameters, viz. lithology, 
structure, geomorphic processes and time. Land cover like 
forest canopy, vegetation, soil cover etc. also play a role in 
shaping the slopes, as these are among the measure factors of 
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erosion. The nature of steepness of slopes helps in delineating 
the areas of runoff, infiltration and erosion of soil cover and 
the mass wasting. 
Stable slopes are those where the surface is not subject to 
sudden downslope movements. Signs of instability are barren 
patches of soil or rock on an otherwise vegetated slope, 
indicating that a landslip or flow has taken place. Terracets 
are also an indication that soilcreep is rapid and the surface 
potentially unstable. Table 8 gives a brief idea about the 
slopes of the area with respect to various geomorphic units. 
Ted}le 8. Classification of slope categories 
with respect to Geomorphic units 
GEOMORPHIC 
UNIT 
SLOPE CATEGORY AGGRADATIONAL/ 
DEGRADATIONAL 
Denudostructural Steep 
Hill 
Degradat ional 
Structural Hill 
(Highly dissected) 
Strongly inclined 
to very steep^ 
Degradational 
Structural Hill 
(Moderately 
dissected) 
Strongly 
inclined 
Degradat ional 
Residual Hill Gently to 
strongly inclined 
Degradational 
Piedmont Zone Slightly sloping 
to gently inclined 
Aggradational 
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6.3.2.Slope Morphometxy: 
Slope morphometric analysis is essential for 
understanding the nature and intensity of geomorphic processes. 
A quantitative analysis of various slopes was attempted during 
present study by preparing a slope map of the study area from 
Survey of India Toposheets (plate 4) . The classification of 
slopes by International Geographical Union, was followed and 
four classes of slopes were recognised in the study area. For 
computing the slope angle the following formula was used. 
H = 1000 • V * cot A / S 
where H = Horizontal distance between contours in mms. 
V = Contour interval, 
S = Scale factor , 
A = Angle of slope. 
Following four categories of slope were recognised ,-
Slope amgle. Category. 
Less than two degrees Slightly sloping. 
2 to 5 degrees Gently inclined. 
5 to 15 degrees Strongly inclined. 
15 to 35 degrees Steep slopes 
Major portion of the intermontane valley omprising of flood 
plains, terraces and lower piedmont plains show the slope 
angle of less than two degrees and thus comes under the 
category of slightly sloping terrain. The upper and middle 
piedmont units of the southern piedmont plain and the upper 
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unit of the northern piedmont plain fall under the category of 
two to five degree and thus show gently inclined slopes. The 
structural hills on the northern side of Siwalik ridge and some 
portions on the southern side of it and the major portion of 
the residual hill show strongly inclined slopes. Slopes are 
steep on major portion of the southern side of siwalik ridge, 
the northern side of Raiwala anticline, along some gullies of 
residual hill and all along the denudo-structural hill unit. 
The steep slopes on the southern side of the Siwalik rocks 
along with other factors like unconsolidated and friable nature, 
sparse vegetation are the main causes of erosion in these rocks. 
The development of slopes as discerned in the area is discussed 
below. 
1. The denudo-structural hills in the north of the area show 
steep slopes and high relief. Geologically these rocks are the 
oldest in the study area and mostly resistant to erosion due to 
hard and compact nature, except the Chandpurs, which have low 
resistance to erosion. Resistant lithologies produce steep 
slopes than softer lithologies (Fairbridge, 1968). Denudation 
has occured in these hills on a large scale. The intensity of 
erosion is moderate. Intensity of erosion is severe in the 
Chandpurs where slopes are unstable due to their softer 
lithologies and high density of joints and fractures. Structural 
control also seems to have played a role in the slope formation. 
Angle of dip slopes is proportional to the dip of the rocks. 
Slope angle increases with the increase in dip angle (Miller, 
1953) . Dip of the beds in this unit ranges from 35 to 55 
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degrees, which may be one cause of the steep slopes. Other 
structural features like faults, joints, lineaments, which are 
often zones of weakness further steepen the slopes, as 
masswasting often takes place along these features. 
2. The highly dissected zone of Structural hill range on the 
southern side of the ridge shows inclined to steep slopes. The 
rugged topography along with ridges, valleys, gullies and 
moderate to high drainage density indicates that this area lies 
in the zone of high intensity of erosion. Loose sediments of 
sandstone, boulder and pebble beds and the high rainfall in the 
area are the main cause of severe erosion and steep slopes. 
Structural control may be one cause of steep slopes, as middle 
Siwaliks are thrust upon upper Siwaliks and the dip of the 
beds ranges from 25 to 45 degees. However the slope angle 
decreases downwards (towards the foot of the range) and thus 
the intensity of erosion also decreases. On the western side 
of this formation, is exposed the obsequent (scarp) slope of the 
upper Siwalik formation, which is highly dissected and has very 
steep slope, due to which the intensity of erosion is severe. 
The moderately dissected zone, of the structural hills on 
northern side of the ridge, shows gentle to strongly inclined 
slopes with wide valleys and ridges, indicating that this area 
lies in the zone of intermediate intensity of erosion. Due to 
the loose sediments infiltration is high, which reduces runoff 
and thus intensity of erosion is also reduced. Slopes are struc-
turally controlled. As the dip of the beds is low ranging from 
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15 to 30 degrees, the slope angle is also moderate. 
3. The gentle to strongly inclined slope of the Nagsidh residual 
hill along with the convex and rounded top indicates that 
it is the remnant of eroded topography and lies in the zone of 
low to moderate intensity of erosion. 
4. The piedmont zone in the intermontane valley shows slightly 
to gently inclined slopes. The slopes have been formed by the 
coalescence of the alluvial fans at the foot of Siwalik and 
pre-Tertiary ranges. The slope angle decreases downward from 
upper piedmont plain towards the lower piedmont plain. This 
unit lies in the zone of low to moderate intensity of erosion. 
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6.3. Relative Relief: 
Local relief or relative relief may be defined as the 
actual relief within an area in contrast to the absolute 
altitudes above the mean sea level. Local relief plays an 
important role in the geomorphic processes like sheet wash, mass 
wasting and topographic attributes like drainage texture etc. 
Local relief also gives an idea about the slope, landforms and 
erosion of an area. Thus the study of relative relief in the 
study of geomorphology is an essential part. The procedure of 
study of relative relief is simple and involves the dividing of 
the area to be studied in to small grids whose size is deter-
mined by the amount of details desired. 
In the present study, the area was divided into 4 cm. by 4 
cm. grids on Survey of India Toposheets of 1 : 50000 scale, so 
that each grid covered an area of four square kilometres. 
Relative relief of each grid was calculated from the difference 
of highest and lowest contour values of that grid. Based on the 
classification of 0. Kudrnovska' (1948, 1949), the reliefs were 
divided into seven classes (table 9). A bar chart was plotted, 
showing the frequency of each class in the form of 4 by 4 cm. 
grids (fig. 8). Based on these studies a relative relief map of 
the study area was prepared (plate 5). 
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Table 9. Frequency of different classes of relative relief 
with respect to the Geomorphic units. 
Relative Relief 
(in mts.) 
0 to 30 
30 to 75 
Fre-
quency 
63 
30 
Category 
Plains 
Gently undulated 
hilly lands. 
Geomorphic unit 
Lower & middle 
piedmont plains 
Middle and upper 
piedmont plains 
75 to 150 46 Dissected hilly Upper piedmont plain 
lands and lower part of 
structural hills 
150 
200 
300 
450 
to 
to 
to 
to 
200 
300 
450 
1000 
38 
22 
10 
05 
Gently undulated 
highlands 
Dissected 
highlands 
Gently undulated 
mountains 
Dissected 
mountains 
Residual hill and 
structural hills 
Structural hills 
Denudo-structural 
hills 
Denudo-structural 
hills 
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The study thus reveals that major portion of the valley 
falls under the category of plain land. Mostly the flood plain, 
terraces and lower and middle piedmont units come under this 
category. Some portions of the piedmont plains especially the 
middle and upper piedmont unit fall in the category of gently 
undulated hilly lands. Some parts of upper piedmont unit also 
fall under the category of dissected hilly lands. The residual 
hillcomes under the category of gently undulated highlands. 
Major portion of the Siwalik group falls in the category of 
dissected hilly lands and gently undulated highlands. Some parts 
of the Siwaliks comprise dissected highlands and gently 
undulated mountains. 
The pre-tertiary group of rocks mostly comprises dissected 
mountains showing relatively very high relative relief at some 
places. Gently undulated mountains are also found in the pre-
tertiary group of rocks. 
The higher relative reliefs in pre-tertiaries and the 
Siwaliks along with some other factors like steep slopes, high 
rainfall etc. are responsible for mass wasting processes, 
thereby accelerating the erosion in these rocks. 
54 
6.4. Drainage Basin Morphometry:-
Drainage is an important aspect of landscape study, as 
it reflects its share of influence in geomorphic evolution of 
an area. It also gives a clue about the geological structure of 
the area. Difference in drainage texture provides information 
about the changes in types of underlying geological material. 
Various dimensions of landscape or of individual landforms 
can be measured and any relationships between them can be 
investigated. Study of these in geomorphology is called 
'morphometry'. Any significant measurement of the size and shape 
of a landform is called a parameter. There are some important 
quantitative and statistical relationships between some 
parameters which are called 'the laws of morphometry'. 
Drainage basin morphometry orginates with the work of 
Robert E. Horton (1932, 1945) and modified by Strahler (1952, 
57, 58, 64). Though tedious and time consuming it is helpful in 
four ways to describe a landform, viz. 
i. It gives a precision to the description of landforms. 
ii. It facilitates the comparision of one landform with another, 
especially when one has not seen one of the landforms. 
iii.It makes possible correlation between form and other varia-
bles that one can measure, e.g.between form and process. 
iv. It can be used for prediction by practical applications in 
floods and soil erosion. 
A drainage basin possesses a drainage network and some 
aerial extent. It is an open system where there is some amount 
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of input and output in the form of precipitation and erosion. 
A drainage map of the study area was prepared from Survey 
of India Toposheets and fourteen sub-basins were taken for mor-
phometric analysis (plate 6) . The distribution of the drainage 
sub-basins with respect to geomorphic units is given below. 
No. of sub-basin Geomorphic \jnit 
1 to 4 Structural hill 
(highly dissected zone) 
5 to 10 Structural hill (moderately dissected 
zone and southern piedmont plain of 
the valley. 
11 to 13 Residual hill and the northern piedmont 
plain between Song river & Suswa nadi. 
14 Northern piedmont plain of the valley 
between Jakhan Rao and Chandrabhaga 
nadi and a little portion of denudo-
structural hill. 
The morphometric variables like stream order, stream number 
of each order, length of streams, length of basin, area of the 
basin and perimeter of the basins were measured (table 10 and 
11) . Based on these variables various parameters like drainage 
density, stream frequency, bifurcation ratio, stream length 
ratio, constant of channel maintenance, circularity ratio, 
elongation ratio, relative relief, relief ratio, ruggedness 
number and basin circularity were computed as per the procedures 
adopted by various workers. Table 12 shows the minimum and 
maximum values of the drainage parameters of the sub-basins with 
respect to various geomorphic units, .pa 
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DRAINAGE MAP OF EASTERN DOON VALLEY (BASED ON SURVEY OF INDIA TOHOSHEETS) PLATE 6 
' ' I " 
T a b l * 1 0 . M o r p b o B a t r i c v a r l a b l a * a n d p a r a a a t a r a o f d r a l n a g a a u b - b a a i n a . 
M o r p h o a a t r l c D r a l n a g a a u b - b a a l n a . 
v a r i a b l a . • - - . . . . . . . . . . . . . . . . 
1 3 3 4 5 C 7 ( 9 10 1 1 13 13 14 
Area o f b a s i n 9 . 3 S 1 2 . 6 8 2 0 . 0 2 3 . 4 6 2 . 8 9 1 1 . 3 1 1 4 . 9 7 1 1 . 3 1 2 . 0 1 1 2 . 1 1 8 . 5 2 14 0 19 5 57 8 
(Sq. Kms .) 
P e r i m e t e r 1 2 . 7 8 1 6 . 1 8 2 2 . 0 2 1 . 9 4 0 . 5 9 1 8 . 9 0 2 0 . 8 1 1 6 . 9 4 1 9 . 2 1 1 7 . 4 6 1 8 . 8 3 1 9 . 5 2 23 4 47 76 
iKms. ) 
T o t a l No. 4 1 . 0 5 9 . 0 7 8 . 0 1 2 3 . 0 2 1 1 . 0 3 2 . 0 3 3 . 0 3 6 . 0 5 2 . 0 4 1 . 0 5 1 . 0 6 4 . 0 55 0 113 0 
of s t r e a m s 
T o t a l l e n g t h 3 4 . 5 4 9 . 5 5 8 . 0 5 6 . 6 1 9 0 . 0 3 1 . 0 4 9 . 5 3 7 . 5 4 4 . 0 4 1 . 5 5 4 . 0 4 1 . 0 44 5 138 0 
s t r e a m s ( K m s ) 
L e n g t h of 4 . 3 5 . 5 7 . 5 7 . 6 1 4 . 4 7 . 4 8 . 2 5 7 . 2 5 6 . 7 5 7 . 7 5 8 . 0 8 .4 9 0 15 0 
b a s i n ( K m s ) 
R e l i e f of 330 380 420 420 400 300 460 380 340 320 280 240 240 900 
b a s i n ( M t s ) 
D r a i n a g e d e n - 3 . 6 8 3 . 9 2 . 9 2 . 4 1 3 . 0 2 2 . 7 4 3 . 3 3 . 3 1 3 . 6 6 3 . 4 2 2 . 9 1 2 . 9 2 2 . 2 8 2 38 
s i t y / s g . k m . 
S t r e a m f r e - 4 . 3 8 4 . 6 3 . 9 5 . 2 5 3 . 3 5 2 . 8 2 . 2 3 . 1 8 4 . 3 2 3 . 3 8 2 . 7 5 4 5 2 8 1 9 
q u e n c y 
C o n s t a n t o f 0 . 2 7 0 . 3 4 0 . 3 4 0 . 4 1 0 . 3 3 0 . 3 6 0 . 3 0 . 3 0 . 2 7 0 . 2 9 0 . 3 4 0 . 3 4 0 4 3 0 4 2 
c h a n n e l 
maintenance 
Circularity 0.84 0.78 0.72 0.78 0.69 0.63 0.65 0.70 0.63 0.70 0.81 0.67 0 66 0 56 
ratio. 
Elongation 0.85 0.70 0.38 0.31 0.35 0.39 0.52 0.52 0.57 0.50 0 60 0.50 0 55 0.31 
ratio. 
Basin shape 1.97 2.38 2.81 2.46 3.29 4.84 4.54 4.65 3.79 4.96 3.45 5.04 4 15 3 89 
factor. 
Relative 0.025 0.023 0.019 0.019 0.009 0.016 0.022 0.022 0.017 0.018 0 014 0 012 0 01 0 018 
relief. 
Relief 0.076 0.069 0.056 0.055 0.027 0.04 0.055 0.052 0.05 0.041 0 035 0 028 C 026 0 06 
ratio 
Basin 0.719 0.608 0.519 0.603 0.48 0.398 0 434 0.495 0.409 0.499 0.656 0 461 0 447 0 318 
circu-
larity . 
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Tabl* 11. Morpboaatrlc vmrlabl** and parmaatras ol drainaga aub-baaina. 
1 3 3 4 S e 
Straam 
ordar 
Nu Lu Bi Li MU Lu Bl Li Nu Lu Bi Li Mu Lu Bl LI Mu Lu Bi LI Mu Lu Bl 
iBt 31 19 4.42 - 47 25 5.22 - 58 35.S 4.14 - 98 51 5.15 - 161 115 4.35 - 23 IS 3 83 
2nd 7 10 3.5 .52 9 12 4.5 .48 14 11 2.8 .3 19 11 3.8 .21 37 47.5 4.11 .41 6 7 3 0 
3'rd 2 3.52.0 .35 2 10 2 .83 5 6 S .54 5 14.55.0 1.31 9 12.5 3 .26 2 7 2 0 1 
4th 1 2.0 - .57 1 .25 - .025 1 5.5 - .91 1 .12 - 008 3 8 3 .64 1 1 -
5th 1 7 - .87 
7 8 9 10 11 12 
Nu Lu Bi Li Hu Lu Bi Li Ihi Lu Bi LI Mu Lu Bi Li Ru Lu Bi Li Hu Lu Bi Li 
iBt 38 26.5 4.22 - 25 19 3.57 - 39 25 4.33 - 38 26.5 4.22 - 37 26 3 36 - 49 19 4 45 -
2nd 9 9 3.0 .34 7 6 2.33 .31 9 8.5 3 .34 9 4 3 .15 11 19.5 5.5 .75 li 10 3 66 .5 
3rd 3 10 3.0 1.11 3 11.5 3 1.91 3 8 3 .94 3 6.5 3 1.62 2 8 2 .41 3 10 3 1 
4th 1 4 - 0.4 1 1 - .08 1 2.5 - .31 1 4.5 - .69 1 0.5 - . 06 i 2 -
13 14 
Mu Lu Bl Li Mu Lu Bi Li 
l8t 39 22.5 3.25 - 89 57.5 4.68 
2nd 12 9 4 .4 19 54.5 4.75 .94 
3rd 3 4.5 3 .5 4 21.5 4 .39 
4th 1 8.5 - 1.88 1 4.5 - .21 
Nu K Number of Streams of a given order. 
Lu = Total Length of the streams of a given order (in Ions.) . 
Bi = Bifurcation Ratio. 
Li = Stream Length Ratio. 
1 to 14 = Sub-basins. 
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Table 12. Driinage aub-baisni shoving liniini ind laiiiui values of 
lorphoietric variables in different geoiorphic anits. 
Geoiorphic No. of Drainage Bifarcatioa Streai CCH Circularity Elongation Beiative Relief 
unit sub- density ratio treqiency ratio ratio relief ratio 
basins 
Nln. Max. Kin. Mai. Sin. Hai. Min. Kai. K m . Hai. Kin. Kai. K m . Ifai. Kin. Kai. 
Flood Plain 
Terrace - - - - - _ . . . 
Piednont zone 10 2.28 3.66 3,25 4.68 1.9 4.5 .27 ,43 .56 .B! .3! .60 .009 .022 . m .05 
(partly) 4.0 4.75 
3.0 4.0 
Residual hill 3 2.28 2.92 3.25 4.45 2.75 4.5 ,34.43 .66 ,81 .50 .6ii ,010,014 .026 .i'35 
(party) 4.0 3.66 
3,0 3.0 
6 2.74 3.66 3.57 4.35 2.2 4.32 .27 .36 .63 .70 ,35 ,57 .009 .022 ,IJ27 .05:; 
(lod, (partly) 2,33 4.11 
dissected) 3.0 3,0 
Struc- 3,0 
tural - - - - -
hili (highly 4 2,41 3,5 4,14 5.22 3,9 5,25 .21 .41 .72 .S4 .3i ,85 .019 ,1:2: .055 .i:it 
dissected) 2,8 4,5 
5.0 2.0 
Denudo-structural 1 2,38 4.68 1,90 .42 .56 ,31 .018 ,060 
hill (partly) 4.75 
4.0 
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The bifurcation ratio is the ratio between number of 
streams of a given order to the number of streams of next 
higher order. The low bifurcation ratios are characteristic of 
the watersheds which have suffered very less structural 
disturbances and the drainge pattern has not been distorted 
because of the structural disturbances (Strahler, 1964). Stream 
frequency is the number of streams per unit area and along with 
drainage density gives the character of underlying lithology. 
Relief ratio is the ratio of maximum basin relief (difference in 
highest and lowest elevation in a basin) to horizontal distance 
along the longest dimension of the basin. It is a dimensionless 
ratio and measures the overall steepness of a basin. 
Circularity ratio is the ratio between the area of the basin and 
the area of the circle having the same perimeter as that of the 
basin. Elongation ratio is the ratio between the diameter of 
the circle having the same area as that of the basin and the 
maximum length of the basin (Schumm, 1956). 
In the present study area the bifurcation ratio varies from 
4.14 to 5.22 in sub-basins one to four lying on the southern 
slope (highly dissected zone) of the structural hills, thus 
indicating varying lithologies in this area. The basins are 
moderately wider with moderate to high drainage density (2.41-
3.9) indicating high runoff and low transmissivity and hence 
high erosion. Values of stream frequency (3.9-5.25), relative 
relief (.019-.025) and relief ratios (.055-.076) are higher in 
these sub-basins, indicating that these basins are steep with 
maximum slope. Moderate to high values of circularity ratio 
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(.72-.84) and elongation ratio (.31-.85) indicate moderate to 
high relief and structural control over the drainage. Thus the 
erosion in these basins will be high. Values of constant of 
channel maintenance (CCM), which is defined as the number of 
units of area supporting each unit of stream length, calculated 
indicate that the sub-basin 1 needs minimum area for development 
of drainage channels, sub-basin 2 & 3 need moderate & sub basin 
4 needs maximum area for the development of drainage channels. 
Sub-basins five to ten lying on northern slopes 
(moderately dissected zone) of the structural hills show 
moderate values of bifurcation ratio varying from 3.57 to 
4.35 indicating the maturity of these sub-basins. All these 
sub-basins are moderately wide with low to moderate drainage 
density (2.74-3.66) and tapper downward (towards Piedment zone) 
indicating high permeaebility of the sediments and thus high 
transmissivity. Moderate values of relative relief (.009-.022), 
relief ratio (.027-.05) and low to moderate values of stream 
frequency (2.2-4.32) in these sub basins suggest moderate to low 
slopes for these basins and hence less fluvial erosion. Moderate 
values of circularity ratio (.63-.70) and low to moderate values 
of elongation ratio (.35-.57) indicate moderate relief and 
elongated basins. Values of CCM show that sub-basins 5 & 6 need 
moderate areas for the development of drainage channels and sub-
basins 7 to 10 need minimum area for the development of 
drainage channels. 
The sub-basins 11 to 13 cover the Nagsidh residual hill are 
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the piedmont plains betwen Suswa nadi and Song river. The bifur-
cation ratio for these sub-basins varies from 3.25 to 4.45, 
indicating the maturity of these sub-basins. These basins are 
moderately wide with low to moderate drainage density (2.28-
2.92) and are tappering downwards indicating high permeability 
of the sediments and thus high transmissivity. Low to moderate 
values of stream frequency (2.75-4.5) and lower values of 
relative relief (.01-.014) and relief ratio (.026-.035) in these 
sub-basins suggest moderate slope and" hence low to moderate ero-
sion. Moderate to high values of circularity ratio (.66-.81) and 
moderate values of elongation ratio (.50-.60) indicate moderate 
to high relief and elongated basins. Values of CCM for sub-
basins 11 & 12 suggest that they require moderate and sub-basin 
13 requires maximum area for development of drainage channels. 
Sub-basin 14 covers the piedmont plain between Jakhan Rao 
and Chandrabhaga nadi and a little portion of denude-structural 
hills. Bifurcation ratio varies from 4 to 4.68, indicating the 
varying lithology of the basin. This sub-basin is wide and long 
with low drainage density (2.38) and tappers downward, indi-
cating high permeability of the sediments and thus high trans-
missivity. Low values of stream frequency (1.9), relative 
relief (.018) and relief ratio (.06) indicate low to moderate 
slopes in this area and hence low to moderate erosion. 
Moderate value of circularity ratio (.56) and low value of 
elongation ratio (.31) indicates moderate relief and highly 
elongated basin shape. Values of CCM show that this sub-basin 
requires maximum area for the development of drainage channels. 
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The values of relative relief calculated match with the 
ealier results. Its values in sub-basins 1 to 4 (on southern 
side of the Siwalik range) are moderate to high as in the 
earlier results where the relief is moderate in lower parts 
and increases upwards to high relief. Sub-basins 6 to 10 show 
moderate to high relief. Basin 5 comprising of Motichur 
syncline shows low to moderate relative relief, as observed in 
the earlier results. Relief is moderately low in sub-basins 11 
to 13 occupying the piedmont plain and residual hill and matches 
with the earlier results. Sub-basin 14 shows moderate value of 
relative relief. Since this basin occupies mainly the piedmont 
plain and a little portion of denudo-structural hill, the 
earlier results show low to moderate values of relief in the 
piedmont plain and higher values in the denudo-st2mctural 
hills. 
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6.5. Land use / Land cover: 
A knowledge of land use and land cover is important for 
many planning and management activities concerned with the 
surface of earth. The term Landcover relates to the type of 
feature present on the surface of the earth. The term Landuse 
. relates to any human activity or economic function associated 
with a specific piece of land (Lillesand and kiefer, 1994). Land 
use and landcover are two important factors which affect the 
erosion of earth surface. 
Vegetation, is the main factor for control of erosion. The 
major role of vegetation, in controlling the erosion, is in 
interception of the rain drops so that there kinetic energy is 
dissipated by the plants rather than imparted to the soil. The 
effectiveness of a plantcover in reducing erosion depends upon 
the height and continuity of the canopy, the density of ground 
cover and root density. Generally forests are most effective in 
reducing erosion because of their canopy, but a dense growth of 
grass also reduces the intensity of the erosion (Morgan, 1979). 
Vegetation of the study area has been already defined in 
chapter one. A land use / land cover map was prepared from the 
IRS-IB, LISS II, FCC imagery (plate 7) . The study area can be 
divided broadly into two divisions, one where the landsurface is 
being used for various cultural activities like agriculture, 
plantation, settlements etc. The other division can be defined 
as occupied by various types of forests, shrubs etc. 
Massive agricultural activities and settlements are noticed 
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on the terraces and some portions of piedmont plains and dip 
slopes of dsnudo-structural hills. Plantation is mainly observed 
along the borders of agricultural fields, along river banks and 
at some places along the outer margins of forest areas. 
Forests cover the major portion of the study area. The 
• denude-structural hills, structual hills of Siwaliks, residual 
hill and major part of the piedmont plains are covered with 
sparse to thick forests and shrubs. The forest cover was divided 
into various density classes. The density of forests on a 
sloping topography is an important factor in the study of 
erosion. 
Major portions of the piedmont plains (mostly middle and 
upper), the residual hill and the northern slopes (dip slopes) 
of Siwalik structural hill unit are covered by moderate to very 
dense forests. The dense forest cover along with some other 
factors like moderate slope and unconsolidated nature of 
sediments controls the erosion in these areas. Some islands in 
the flood plains are also covered with moderate to thick 
forests. The highly dissected unit of structural hills on the 
southern side of Siwalik ridge is covered with sparse forests 
with very low to moderate density, due to which the intensity 
of erosion in this unit increases. However moderate forest cover 
with medium density is seen on some gently and strongly inclined 
slopes of this unit. The density of forest cover further 
increases downwards and thus decreases the intensity of erosion 
also. The denude-structural hills on the northern side of the 
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area have a low to moderate forest cover. Density of forest 
cover is low to meaiutn. Moderate forest cover along with the 
hard and compact nature of these rocks prevents them from 
severe erosion. Some areas with very steep slpoes and less or no 
vegetation (especially along the banks of rivers and the 
obsequent slopes) in this unit are affected by severe erosion. 
Some areas of the the study area are also covered with scrub 
and shrubs. This type of vegetation is especially found in 
denude-structural hill unit and Piedmont unit. Barren rock is 
also found at some places in structural and denude-structural 
hills, which are affected by moderate to severe erosion. 
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6.6. EROSION: 
Erosion is derived from a Latin word 'erodere' meaning to 
gnaw away. Erosion can also be defined as wearing away or 
denudation of landmasses in a broader sense. Soil erosion is a 
two phase process consisting of the detachment of individual 
particles from the soil mass and their transport by erosive 
agents such as running water and wind. The severity of erosion 
depends upon the quantity of material supplied by detachment and 
the capacity of the eroding agents to transport it (Morgan, 
1979) . Erosion results when the forces of erosion overcome the 
forces of resistance to erosion of a rock. The organic rich top 
soil is often lost first when the soil erodes, thus reducing the 
crop quality and plant and forest growth. The important factors 
that affect the erosion of an area are; 
i. Lithology 
ii. Topography (slope and relief) 
iii. Climate (rainfall, temperature, humididty etc.) 
iv. Ground cover(vegetation etc) and 
All these factors are inter-related. In the present study all 
these factors were studied and erosion prone categorisation of 
the area was done. Details are given below; 
i. Lithology: Lithology plays an important role in erosion of a 
landform. Rocks with hard and compact lithologies, like quartz 
and granite are highly resistant to erosion. The erosion in the 
same situation will be severe if the rocks are composed of 
phyllite, schist or slate which have low resistance to erosion 
and are highly affected by weathering, due to high density of 
joints and fractures and their soft nature. Unconsolidated 
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gravels and sandstones at low lying areas are much resistant to 
erosion, as infiltration is more and thus runoff is less, but 
the same are highly eroded if the slopes are steep and rainfall 
is high, as infiltrated rain water increases the load pressure 
and renders them loose which causes their erosion (Rich, 1911). 
Geology of the area has been already defined in 
chapter four. The northern portion of the area is occupied by 
denude-structural hills with lithologies like quartzite, 
sandstone and greywacke forming Damtas, which are resistant to 
erosion and phyllite and slate forming Chandpurs along the 
eastern bank of Jakhan Rao, having low resistance to erosion. 
Moderate to severe erosion prone areas have been identified in 
this geomorphic unit. The structural hills on the south of the 
area have lithologies like sandstone, pebble, boulder, gravel, 
clay and conglomerate, which are prone to more erosion on 
steep slopes than on gentle slopes. Since the slopes are steep 
on the southern side of these structural hills, the intensity of 
erosion is high. The slopes are gently to strongly inclined on 
the northern side of these structural hills, hence the intensity 
of erosion is moderate. The piedmont plains of the intermontane 
valley have lithologies like unconsolidated boulder, pebble, 
gravel, sand, silt and clay. Here infiltraion is high and runoff 
is low, which reduces the intensity of erosion in this area. 
ii. Topography (Slope and relief); Slope and relief of a 
terrain are inter-related. Where relief is high, slope angle is 
also high and erosion is maximum. Erosion normally increases 
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with increase in slope steepness and slope length, as a result 
of increase in velocity and volume of surface runoff (Morgan, 
1979) . Steep and unvegetated slopes are more susceptible to 
fluvial erosion, as surface runoff flows more rapidly over them. 
The susceptibility of erosion on such slopes is further 
increased if the formation is an unconsolidated one or affected 
by weathering or is easily friable. 
The slope and relative relief of the area have been already 
discussed in chapters 6.2 and 6.3 respectively. The slopes are 
steep and relief is high in the denude-structural hills and are 
the main cause of erosion and masswasting in this unit. The 
slope and relief on the southern side of structural hill unit 
are moderate to high, causing severe erosion in this unit as 
the lithology is highly uncnsolidated and vegetation is sparse. 
However slope and relief both decrease downwards with the 
increase in density of vegetation and hence the intensity of 
erosion is reduced. The slope is moderate and relief moderate 
to high on the northern side of the structural hill and in 
the residual hill. Which along with the dense forest cover of 
these units reduces the severity of erosion in these areas. The 
slope and relief are low to moderate in the upper piedmont 
plains and low in the middle and lower piedmont plains, thus 
reducing the erosion in these areas. 
iii. Climate; Climate affects erosion potential both directly 
and indirectly. In direct relation rain is the driving force of 
erosion. Rain striking ground makes soil particles loose. 
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Surface runoff and wind together carry the loosened soil away. 
Surface runoff washing down over a slope surface is called 
'sheet wash (sheet erosion)'. When the water begins to erode 
small preferred channels, 'rill erosion' occurs. When these 
rills enlarge to produce channels so deep that the normal 
cultivation can not erase them, gullying (gully erosion) occurs 
(Montgomery, 1987). In the indirect relation the yearly 
pattern of rainfall and temperature determine the extent and 
growth rate of vegetation, which in turn controls erosion 
(Goldman et al, 1986) . 
The climate of the study area has been discussed in chapter 
1. On the basis of the data of mean annual daily temperature and 
mean annual rainfall (table 3), of the study area, an attempt 
has been made to show the intensity of erosion, mass wasting 
and weathering by plotting these data on the standard graph by 
Peltier, (1950) . The average annual rainfall of the study area 
is around 78 inches and the mean annual daily temperature is 
about 68 F. The plot of these data (Fig. 9 a) show that the 
erosion due to fluvial water ranges from minimum to moderate. 
On the basis of these results the intensity of erosion has been 
postulated to be minimum in the piedmont area and gently sloping 
hills and moderate in structural and denudational hills, however 
other factors also affect the intensity of erosion. The plot of 
the this data (fig. 9.b) shows that the area exhibits strong 
chemical weathering. The plot of mean annual temperature and 
rainfall (fig.9 c) also shows that the intensity of mass wasting 
in the area is moderate. This is also supported by the steep 
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and mB s s •.-.'; Fig. 9. Intensity of erosion, weathering 
on the basis of rainfall and temperature 
(after Peltier, 1950). 
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slopes of structural and denudo-structural hills. 
iv. Ground Cover; Ground cover mainly refers to vegetation, but 
it also includes human surface treatments, like settlement, 
roads etc. Vegetation, especially natural (forests, grasses 
etc.) is the most effective form of erosion control. 
• Vegetation shields the soil surface from the impact of 
falling rain, slows the velocity of runoff and holds soil 
particles together in place (Goldman et al, 1986) . 
The land use / land cover of the area has been discussed in 
chapter 6.5. The denudo-structural hill unit has a sparse to 
moderate forest cover. The structural hill unit has a sparse to 
moderate forest cover on the southern slopes and a dense forest 
cover on the northern slope side. Upper piedmont plains and 
residual hill are also covered with dense forests. Terraces and 
lower piedmont plains are covered by agriculture and plantation 
and settlements. Shrubs and scrub are found in denudostructural 
hills and the piedmont plain of Motichur syncline. 
Based on all the above studies an attempt has been made to 
identify the erosion prone areas of the study area. Various 
thematic maps prepared from the remotely sensed data and Survey 
of India Toposheets like geological map, geomorphological map, 
land use / land cover map, slope map, relative relief map and 
drainage map were overlayed and an erosion prone map was 
generated (Plate 8) . Table 13 shows the important characters of 
geomorphic cum geologic units (based on the present studies) 
that are responsible for the intensity of erosion. 
71 
H- e 
s 
•«9 
O 
->-• e 
M 
V e 
r l 
e 
e 
• > 
i 
e 
e 
s ^ 
e — 
=? - a 
:>-. — 
— o 
• — O 
EC t ? 
•en c= 
f-ii O 
ao 03 c/3 
-^  .^  
— o = cj 
— — a; ei 
- on — 
o — 
>^ e o^ 
— o 
>> V C E= 
— c: — 
-*-' o — 
C= t , O 
O ) B5 — 
CJ K3 > 
O . L . ad 
- O i • -
• - • U 3 
-«3 
•«<; -O 
=3 c= e= 
O O K3 
d a Q_i on 
cu ad 
CO l _ 
-*-» o? >-. 
K= J=J C-> 
C . tK 
tyi^-^ B 
7im EROSION PRONE MAP OF EASTERN DOON VALLEY 
TlJlS 
»'» 
IdH 
LEGEND 
EROSION CAltGORV EWJ^ION FACTORS 
Tt 15 
CD 
LOW [msh Rrsilloncr to Erosion,Low Rf l i f f . L ^ _ ^ -
JDTHER FtATll^'FS^ 
ROAD 
MODFRAtt • 
SFVLI'r 
tntVrijftation.Modrralr 1oSt*r(> Slopt.Londusr I ~ ^ ctivltict.ModvroWRvtistonct toEro*ion. t-'T*'^ ' 
L o * R»»i»lonc» toErovon. Weulhtririg , 
I^ High Raintall .Unconsoltdol^d Srdtmrhtt. 
COLLATERAt DATA r-
CEOLOOICAL MAP 
GEOMORPHOlOGICAl MAP 
SLOPE MAP 
RfLATlVE RELlr f MAP 
lANOl/SE / LANDCOVFR MAP 
DRAINAGE MAP 
RAILWAY 
St F I l l M F H ! 
WATER OIVIOE 
RIVER/ STREAM 
S r m HEIGHT 
FLOW or RIVER 
The study area was divided into three erosion prone 
categories on the basis of intensity of erosion, viz. areas 
prone to severe erosion, areas prone to moderate erosion and 
areas prone to less erosion. The cultivated terraces are prone 
to low to moderate erosion due to their unconsolidated nature 
of sediments, as infiltration is high and runoff is low. 
Piedmont plains with dense forest cover are prone to very less 
erosion, as the forest cover shields soil from rain drop impact 
and also holds the soil particles together by the roots. The 
areas along river banks with no vegetation are prone to severe 
erosion. The piedmont plains are affected by gully erosion. 
Slightly sloping cultivated and barren areas are affected by 
sheet erosion. Sheet erosion can render the soils unfertile as 
it erodes the upper fertile layers during high rainfall. 
Major portion of the structural hills on southern slopes 
is prone to severe erosion due to steep slopes, sparse vegeta-
tion, unconsolidated sediments, friable nature of sediments and 
high rainfall in the area. The northern slopes of the 
structural hill unit are prone to low to moderate erosion 
because of good forest cover and moderatly inclined slopes. The 
residual hill unit has a thick forest cover and moderate slope 
and is prone to low erosion. Some steep slopes in it, having 
sparse vegetation are prone to moderate erosion. 
The denude-structural hills, though having steep slopes and 
sparse to moderate vegetation cover, are prone to moderate 
erosion due to their hard and compact nature and high resistance 
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to fluvial erosion. The Chandpur formation of this unit, 
however, is prone to severe erosion as they are less resistant 
to fluvial erosion because of high weathering due to high 
density of joints and fractures.The areas with steep slopes 
along rivers and fault planes and the obsequent slopes in this 
unit are also prone to severe erosion, as mass wasting in these 
areas is very common. 
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6.7. MORPHOLOGICAL EVOLUTION 
The earth surface comprises of a number of lithoplates 
moving on a viscous asthenosphere and thus giving rise to 
continental drift, due to which the Indian lithoplate, which 
is thought to have been a part of Gondwana land previously, 
was separated from it. A linear sea called the Tethys sea was 
separating the Gondwana land from Angara land in north. 
Sedimentation continued in this Tethys sea (which extended from 
Spain to Indonesia) untill about 70 to 75 M. Y. ago (Valdiya, 
1984) to deposit a thick geosynclinal facies. The compressional 
forces by Indian lithoplate and Eurasian lithoplate resulted in 
the folding of these sediments. Later these folded sediments 
were uplifted. 
The Indian Eurasian plate collision took place in Paleogene 
time, with the collision zone marked by the now inactive 
Indus Suture zone of Tibet and India and the main mantle 
thrust of Pakistan. South of the collision zone a pre-Cambrian 
crystalline slab (Higher Himalaya) and a relatively complete 
cover of phanerozoic rocks (Tethyan Himalaya) were thrust 
southward over a more discontinuous sedimentary sequence of 
proterozoic and younger age (Lesser Himalaya) along the Main 
Central Thrust of Nepal and India (Yeats et al, 1992) . 
A fore-deep region was originated in the lower realm of the 
Himalayas which accommodated sedimentation of flysch and molasse 
(the breakdown products of rising Himalayas) to give rise to 
the Siwalik formations. These Siwalik rocks,were then folded and 
faulted and formed various 'Duns' (valleys) among which Dehradun 
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valley is one. Wadia (1939) proposed that the rise of Himalayas 
from the seabed was the result of three distinct events dating 
from post eocene. Siwalik rocks were folded in the third phase 
in post-Pliocene times. 
Raiverman, Kunte and Mukherjee (1983) state that wide spread 
sedimentation in cenozoic era started with a marine 
transgression in the foreland basin. Subsequently central 
Himalayan axis started extending and actively contributed 
clastic debris to the fore-deep basin under fluvial regime. 
After deposition of Siwaliks by antecedent rivers Ganga and 
Yamuna in this basin, the formations were uplifted and 
subsequently folded to form a major syncline with a NW-SE axis. 
The northern limb of this syncline was then overturned. 
Afterwards the main boundary fault has brought the pre-
tertiaries over upper (younger) tertiaries. 
Longitudinal drainages are almost absent in Doon valley. 
Main rivers cut through the Siwaliks at southern side. This 
indicates that upliftment and folding was accompanied by tear 
faulting in the southern Siwaliks. Afterwards the higher reliefs 
were eroded by various denudational processes and old Doon fan 
gravels were deposited unconfirmably on the resulting land 
surface. 
Meijrink (1974) and Rao (1978) on the basis of bedding, 
heterogenous composition and presence of red clay pockets 
suggests origin by fluvial processes for these old Doon 
gravels. However some workers suggest fluvio-glacial origin for 
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these gravels. The old doon gravels might have been uplifted 
later and then followed by denudational and erosional processes. 
This formed gullies and radial drainage pattern in these 
residual hills. 
The young Doon fan gravels were deposited over old doon fan 
gravels unconfirmably. Most of the young Doon fan gravels formed 
big fans whose coalescing formed the piedmont plains. Later the 
streams cut through these piedmont plains and then formed some 
terraces. The rivers and streams followed the weaker zones in 
these piedmont plains. The formation of big alluvial fans by 
major rivers is still continue in the area. Streams of Siwaliks 
on south of the study area formed serrated watersheds after 
they started headward erosion in these rocks. Mass wasting in 
Siwaliks and pre-tertiaries disturbs the equilibrium of slopes. 
In order to attain equilibrium these slopes slide again. This 
provides a large quantity of sediments to the streams. These 
sediments are finally deposited in the gently sloping plains of 
the valley. 
Nossin (1971) describes that wind deposited materials 
invariably get mixed with fluvial deposits in Doon valley when 
the whole mass of sediments is flooded and drenched during 
moonsoon periods. 
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7.DIGITAL IMAGE PROCESSING 
7.1.Introduction: 
A digital image is the numerical representation of a 
sampled field, by the radiance of a scene, viewed in some region 
of electromagnetic spectrum. A digital image is generated by 
sampling and measuring the local field strength at a number of 
points that are usually arranged in a rectlinear pattern. The 
field strength measured at each of these points is encoded as an 
integer. Thus a digital image is actually an array of numbers 
which can be stored in a magnetic tape or disc. Each element in 
a digital image is called a picture element or pel or pixel.In 
this form a digital image can not be inspected visually but can 
be manipulated by a digital computer. Manipulation of a digital 
image by a computer is called 'Digital Image Processing' and is 
carried out to enhance and extract information from the image. 
In the present study various image processing techniques 
were carried out on the IRS-IA, LISS-II CCT of 20th July 1991, 
on a VIPS-32 system of VAX-11/780 image processing computer. 
All the four bands were extracted and an FCC image (4,3,2 
bands) of the study area was generated from the raw data. A 
portion of the study area was selected for various enhancement 
and analysis techniques. The results were studied and those 
images were selected which gave better results. Various image 
enhancement and analysis techniques applied are : 
7.2. Histogram Equalisation: 
An image of a single band of digital remote sensing data is 
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a representation of how electromagnetic radiation reflected by 
the surface is distributed in spatial dimensions. This energy is 
expressed as digital number which are represented in a display 
by a variation in gray tones. An image can also be represented 
statistically as the probability of finding a digital number of 
a given value within it. For a 0 to 255 range of probabilities 
this measure is termed as probability density function (pdf). 
The pdf is conveniently represented by a histogram of the number 
of pixels, which, regardless of spatial position within an 
image, have a particular digital number value. 
In histogram equalisation process, image values are assigned 
to the display levels on the basis of their frequency of 
occurance (Lillesand & Kiefer, 1994). Tabulating frequency of 
occurance of each of the brightness values within the image 
produces statistical information which may be displayed 
graphically in a histogram. 
An FCC image of the selected part of the study area was 
generated and histogram equalisation process was performed on 
it. The output image (Photograph 2) gives better results. Linear 
features like lineaments, thrusts etc. are enhanced. Upper and 
middle Siwaliks are easily distinguished. Drainages in Siwaliks 
showing gully erosion are also enhanced. 
7.3. Band Ratioing: 
Band ratioing is a process in which a digital number in one 
band is divided by a corresponding digital number in another 
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band for each pixel. The importance of these ratio images lies 
in the fact that they minimise the first order effects of 
brightness variation due to topographic slopes and albedo 
differences between rocktypes. Sometimes they also enhance the 
subtle differences in reflectivity between bands which are 
diagnostic of various surfacial materials (Sabins, 1978). Band 
ratioing is efficiently applied when a rationale exists for the 
choice of specific bands. It is also useful in enhancing minor 
differences between materials and between reflectance spectra of 
bands in one image. 
A ratio image can be expressed mathematicaly as, 
DN' = a DNi / DNj + b 
where DN' is the ratio of DN from channels i and j 
scaled to the dynamic range by constants 'a and b'. 
Ratio images exaggerate colour differences. Demerit of ratio 
images is that albedo difference is supressd. For lithological 
discrimination of areas lacking contrast, ratioing is useful. 
Sometimes structurally enhanced drainage patterns are enhanced. 
Four ratio images were generated and two of them were 
selected which gave better results. The ratio images were 
generated by using the following band combinatios 
Ratio Number 
1 
2 
3 
4 
IRS, 
1 
2 
2 
3 
LISS-II band used 
/ 2 
/ 3 
/ 4 
/ 4 
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In ratio number 2 (photograph 3) of bands 2 and 3, the 
lower and upper parts of upper Siwaliks and the middle Siwaliks 
are enhanced. Bhimgoda thrust also gets highlighted. The output 
image of ratio number 3 (photo 4) , ratio of bands 2 and 4 
enhances the boundary between upper Siwaliks and the piedmont 
plain. Flood plain and subrecent fan terrace are easily 
differentiated. Drainages are highlighted. 
7.4. Principal Component Analysis (PCA) : 
Extensive interband correlation is a problem frequently 
encountered in the analysis of multispectral image data. The 
images generated by digital data from various wavelength bands 
often appear similar and convey essentially the same 
information. The purpose of Principal Component Analysis is to 
compress all the information contained in an original n-channel 
data set into fewer than n 'new channels' or components. These 
components are then used in lieu of the original data (Lillesand 
& Kiefer, 1994) . It is a mathematical procedure based on either 
the scene co-variance or correlation matrix which produces new 
variables known as components or areas that are linear 
combinations of the original variables. Each component contains 
the data uncorrelated with other components. 
PCA operates on all bands together. The first principal 
component gives the highest variance in the data set. This 
technique is particularly appropriate in areas where priori 
little information is available about the region. 
The statistics for four band data of the selected portion 
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of study area was calculated (table 14,15,16,17) and percentage 
of information content in PCI, PC2, PC3 and PC4 was found to be 
73.38, 24.41, 1.59 and 0.6 respectively. The co-ordinate 
direction corresponding to largest eigen-vector value contains 
the highest percentage of information. 
Table 14. Mean and standard deviation of Principal Component 
Band Minimxim Maximum Mean Standard Deviation 
1 
2 
3 
4 
24 
11 
7 
11 
59 
40 
42 
54 
30.3377 
16.1886 
13.3108 
27.8060 
3.6825 
2.9903 
4.1870 
4.2729 
Table 15. Correlation matrix of the Principal Components 
Band 1 2 3 4 
1 1 .0000 
2 0 .9554 1 .0000 
3 0 .9374 0 . 9 5 9 8 1 .0000 
4 0 . 3 5 5 9 0 . 4 2 5 7 0 . 4 0 7 0 1 .0000 
T a b l e 1 6 . V a r i a n c e - C o v a r i e m c e m a t r i x of t h e P r i n c i p a l 
C o s ^ o n e n t s . 
Band 1 2 3 
1 1 3 . 5 6 0 7 
2 10.5201 8.9417 
3 14.4532 12.0172 17.5314 
4 5.6059 5.4442 7.2891 18.2915 
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Tab. 1 7 . E i g e n v e c t o r s and E i g e n v a l u e s of p r i n c i p a l cosqponents. 
Band PCI PC2 PC3 PC4 
1 0.555996 -0.194777 0.721539 0.363746 
2 0.456435 -0.100176 6.57073 -0.881654 
3 0.634279 -0.184982 -0.688942 0.298041 
4 0.283239 0.958023 2.054174 3.931113 
Eigen values 41.96733 13.96212 0.912727 0.3478504 
For the present study PCI gave the maximum information. A 
colour composite image of PCI, PC2 and PC3 was also generated 
{photog.5). In this image the flood plain, sub-recent fan 
terrace and doon fan gravel are differentiated. Some linear 
features and barren slopes are also enhanced. 
7.5. Filtering: 
Spatial frequency filtering improves the appearence of 
spatial distribution of data in a digital image by selectively 
enhancing the high, medium and low frequency variations of 
digital numbers in an image. It is a mathematical process by 
which the complex wave of a sensor scanline is separated into 
its component waves. 
All images contain boundaries between surfaces, having 
different interactions with electromagnetic radiation. For 
geological purposes the most important boundries are often the 
edges. These may be shadow effects giving information of 
topographic features, some of which represent rocktypes with 
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different resistance to erosion or may be tectonic weaknesses as 
faults, fractures and joints etc. Distances between major 
terrain features as valleys and mountains are measured in tens 
of Kms. and have a low spatial frequency with long wave lengths. 
Anticlines and synclines have an intermediate spatial frequency 
and wavelengths are measured in kms. Joints and fractures are 
linear features with high spatial frequency and wavelengths are 
measured in tens to hundreds of metres. High pass filters are 
used to enhance these geological features. The direction in 
which the filter is passed across the image determines which 
linear features are enhansed. Those trending normal to the 
filter direction are enhanced and those parallel to filter 
direction are supressed. Sometimes filtering itself produces 
artificial linear features called 'artifacts'. 
Various masks of Sobel and Laplace filters were applied on 
the selected portion of the study area. 
0 - 1 0 
Photograph 6 is the result of Sobel mask -1 5-1 on band 4 
0 - 1 0 
in all directions. In this filter fractures, joints, lineaments 
and minor drainages get enhanced.Thrust is also enhanced. 
0 - 1 0 
The Laplace mask -1 5-1 on band 4 enhances the drainage 
0-1 0 
pattern and topographic features (phot. 7). Serrated water 
sheds and headward erosion in Siwalik formation is enhanced. 
Lithological control on drainage is clear. The same Laplace 
mask applied on band 3 enhances the lithoboundries, flood 
plain and barren rock. 
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8. CONCLUSION 
The present study reveals that the use of remote sensing 
technology for various themes is time and cost effective. Its 
use in the study of environmental and ecological hazardous areas 
especially inaccessible areas, has a vast scope. Various conclu-
sions drawn out of the present study can be summed up as unde 
i. Lithoboundaries can be marked accurately on the maps from 
satellite data products. 
ii. Identification of various landforms and river courses is 
easier through remotely sensed data products as compared to 
their field identification. 
iii. For the mapping of regional structures remotely sensed 
data products are an efficient tool. Some structural features, 
difficult to be located in the field are easily picked up by 
sensors and can thus be easily identified from the remotely 
sensed data. 
iv. Digital image processing was found useful for delineation of 
certain lithoboundaries and structural features, which could not 
be well interpreted by visual interpretation, through various 
enhancement techniques 
V. The study area shows an interesting geomorphological setup. 
Various geomorphological units of the study area delineated 
are; folded, faulted and fractured denudo-structural hills, 
nioderately and highly dissected structural hills of Siwaliks, 
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isolated residual hill, piedmont plains, one facing towards 
north and one towards south, fluvial terraces and the flood 
plains of the present rivers. 
vi. The present study shows that the landscape of the study area 
is, the result of deposition by fluvial processes, in the 
tectonically folded lower and outer Himalayas, which was 
followed by denudational processes. 
vii. Different terrace levels indicate the successive uplift-
ment of the valley floor, followed by downcutting by various 
streams and rivers. High and steep river bluffs at some places 
indicate intense undercutting by these rivers and streams. 
viii. Presence of big boulders in silty and clayey matrix in old 
Doon gravels suggest their deposition by fluvial processes and 
also suggest presence of streams with high energy in the past. 
ix. Based on the factors responsible for erosion, like 
lithology, climate (precipitation, temperature etc.) geology, 
geomorphology, cover factor (vegetation etc.), topography 
(relief, slope), weathering and resistance to erosion, various 
erosion prone areas have been identified and categorised into 
three classes (low, moderate and severe) on the basis of 
intensity of erosion. 
X. During field checks it was observed that human interference 
like construction of roads and canals in structural and denudo-
strTJtural hills affect the stability of slopes. Mass wasting 
was observed along such constructions. 
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Scope of the work and limitations 
In the present study it was not possible to undergo for a 
desired field survey due to the time limitation. Due to the 
difficult terrain the accessibility is poor and a sufficient 
time is needed to carry out the detailed field work leading to 
detailed thematic mapping. 
A detailed study of the soil and vegetation cover of the 
area can help in the recommendation of different measures to 
check the soil erosion. Soil characteristics are important for 
erosion control, e.g. light textured soils are less susceptible 
to erosion than fine textured soils. The later has capability to 
absorb moisture resulting into the swelling effect leading to 
masswasting. Since the soils are varying at close intervals, 
the spatial distribution of different soil types are to 
delineated in a map form. Detailed investigations are required 
for micro watersheds while small scale mapping will be 
sufficient at regional level. To assess and arrest the soil 
erosion and execute the management plans for soil 
conservation, proper land use planning is required. In other 
words land should have vegetative cover throughout the year. 
The practice of land use is also an important parameter to 
check soil erosion. Thus in brief the vegetative cover which is 
directly related to soil type, cropping pattern and forest 
cover are important parameters to be mapped through Remote 
Sensing for the detailed studies of erosion and its control. 
The use of multi temporal satellite data, would be more 
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useful for the study of erosion in the area. These data sets 
were not available and hence the study was carried out with one 
time data set. To assess the extent and intensity of erosion 
multi temporal satellite data can be used for the study of 
forest degradation and land use in the area and various 
remedial measures can be taken for the afforestation and the 
proper land use management in the area and soil erosion can be 
checked. 
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Photograph 8. Braided pattern and wide flood plain 
of Song river near Doiwala. 
Photograph 9. Terrace cultivation along 
Rao near Suridhar Chak. 
Jakhan 
Photograph 10. Panoramic view of denudo-structural hills 
showing ridges with steep slopes and rounded tops 
Photograph 11. High level terrace along Bhidalna Rao near Talai 
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Photograph 12. Bhidalna Rao showing widening of flood plain just 
after emerging out from denudo-structural hills. 
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Photograph 13. Mass wasting in pre-tertiaries, along Song 
river near Saura Jodhpur. 
Photograph 14 Sand stone and boulder showing bedding 
in Upper Siwaliks along Bhag Rao. 
Photograph 15. Friable rockmass of middle Siwaliks showing 
the affect of weathering and erosion. 
